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ABSTRACT
EXAMINING THE EFFECT OF INQUIRY-BASED LEARNING VS. TRADITIONAL
LECTURE-BASED LEARNING ON CRITICAL THINKING SKILLS AND
STUDENTS’ ACHIEVEMENT IN COLLEGE ALGEBRA
Elaina M. Khasawneh, Ph.D.
Department of Educational Technology, Research, and Assessment
Northern Illinois University, 2016
Dr. Hayley Mayall, Director

The main aim of this study is to examine the effect of teaching based on inquiry- based
learning (IBL) versus traditional learning (TL) on critical thinking skills and math achievement
score of undergraduate students enrolled in a college algebra class in a university classified as a
Predominantly Black Institution (PBI). The study was a quasi experiment with pre-test and posttest. The sample was 41 students were chosen by a convenience sample. Quantitative analyses
were used to determine the effect of the instructional pedagogy on overall critical thinking skills
scores, the five critical thinking sub-scales (analysis, inference, evaluation, inductive and
deductive reasoning) and the effect of the instructional pedagogy on math academic
achievement, while qualitative data was used to provide insight into the students’ perception of
the instructional pedagogy. Analysis of covariance (ANCOVA) was used to analyze data. The
findings showed that there was not a statistically significant difference in mean critical thinking
post-test scores between the IBL and the TL groups when controlling for critical thinking pre-test
as assessed by the California Critical Thinking Skills Test (CCTST). Additionally, there was no
statistically significant difference between the IBL and the TL groups in the five sub-scales of
critical thinking between the IBL and the TL groups when controlling for critical thinking pre-

test for each sub-scale. However, there was a significant different in mean math achievement
post-test scores between the IBL and the TL group when controlling for college algebra
readiness pre-test. Furthermore, A Likert scale consist of 7 items was used to measure student’s
perspective towards the effectiveness of the instructional pedagogy. An independent t-test
revealed that there was no statistically significant difference in student’s perspective between the
IBL group and TL groups. However, students in the IBL group believed that the IBL
instructional pedagogy improved their confidence in their ability to do math, their knowledge in
approaching a problem, their communication skills and their ability to ask inquiry questions.
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CHAPTER 1
INTRODUCTION
There is increasing concern among policy makers and business leaders in the United
States that American college graduates lack the ability to think critically, solve problems,
collaborate, communicate effectively, and transfer knowledge to real world settings (National
Research Council, 2007; Organization for Economic Cooperation and Development (OECD),
2009; U.S. Department of Education, 2014). Ninety percent of employers say that critical
thinking skills are required to meet the demands of 21st century and compete in the global market
(Hart, 2013). Critical thinking skills are beneficial to students regardless of their major, and
students cannot succeed in life without them (U.S. Department of Education, 2014).
As the pace of change accelerates and the complexity of problems in the business world
becomes more challenging, we are constantly faced in everyday of our lives to apply critical
thinking to analyze, evaluate, and make inferences about what to believe and what to do in new
situations, there is a demand for American college graduates to acquire critical thinking skills in
order for the United States to stay competitive in the global market (Hastie & Dawes, 2010;
National Mathematics Advisory Panel (NMAP), 2008; OECD, 2009; Seife, 2010; Stein &
Haynes, 2011). If educational institutions do not rise to the new challenges, the economic and
social impact on the United States will be costly (Bassendowski & Petrucka, 2013; Brewer &
Brewer, 2010; Goldsmith, 1999; Slade, 2014), companies will be forced to move off-shore to
find skilled workers, American workers will lose job opportunities, and the United States will
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lose corporate tax dollars. Even though the United States is one of the first countries to recognize

the importance of these skills, it is behind its competitors in terms of implementing pedagogies to
use critical thinking skills in the classroom (NMAP), 2008; OECD, 2009).
There is a general agreement that higher education has not performed well in producing
graduates who can think critically, solve problems, and communicate effectively (Burbach,
Matkin & Fritz, 2004). Highly educated graduates in the U.S. are taught what to think instead of
how to think, their thinking is based on rote memorization and following procedures (Daud &
Husin, 2004). Changing the way higher education prepares graduates is the best option for the
United States to remain competitive in the global market. Employers look for graduates who are
knowledgeable, have problem solving skills, have the ability to communicate and collaborate
with others, and have the drive to be life-long learners (Hmelo & Evenson, 2000). Higher
education should adopt and implement new instructional strategies that engage students and
prepare them for their future careers in the information world (National Research Council, 2007;
OECD, 2009; U.S. Department of Education, 2014).

Problem Statement
As the structure of the United States economy has shifted from industrial to
informational, so have the required skills. It is necessary that institutions of higher education
align their curricula with economic changes and better prepare college graduates to succeed in
the workplace of the 21st century (Ennis, 1996; Paul, 1994; Tsui, 1999). Educators have the
responsibility to shift the focus of their pedagogies from preparing students to pass exams to
preparing them to be life-long learners who are able to think critically, collaborate, solve
problems, and communicate effectively (Ministry of Education’s Inspiring Education, 2010;

Morris, 2010). As information becomes easily accessible, higher education institutions should
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implement active instructional models that focus on developing students’ critical thinking skills
and encourages them to learn (National Academies, 2007; Program for International Student
assessment [PISA], 2012).
Research shows that traditional lecture-based instruction that was designed to meet the
needs of the industrial age does not serve the demands of the 21st century (Alberta Education,
2010; Barron & Darling-Hammond, 2008; Friesen & Jardine, 2009; Perkins, 2009). Traditional
approaches to education that focus on the ability to recall isolated facts and follow prepackaged
material should be replaced by “learning that enables critical thinking, flexible problem solving,
and the transfer of skills and use of knowledge in new situations” (Darling-Hammond, 2008, p.
2). Students need to experience the opportunity to create knowledge rather than learning
knowledge as a set of rules and facts (Perkins, 2009).
In this study, a college algebra course is designed around IBL as an instructional
pedagogy. College algebra is a general education course that was intended to teach students how
to think critically, solve problems, communicate and collaborate to succeed in their academic
lives and their future careers. A college algebra course was chosen because of the high failure
rate nationwide. Only 40 percent of one million students who are enrolled every year in college
algebra will finish their course successfully (Thompson & McCann, 2010). Many students will
repeat the course multiple times, and many will drop out of college because without college
algebra they cannot complete their graduation requirements (Mayes, 2004).
A 2010 survey conducted by the Conference Board of Mathematical Sciences (CBMS)
revealed that 79% of college algebra classes in community colleges and 66% of college algebra
classes in four-year institutions are taught using a traditional method of teaching where the focus

is on memorizing formulas and following procedures (American Mathematical Society [AMS],
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2013). Students who need to repeat the course multiple times will encounter similar instructional
methods, methods that did not work in the first place (Mayes, 2004). The major role that
mathematics, specifically algebra plays in education and in facilitating employment opportunities
of American students, combined with the corresponding poor math performance and lack of
critical thinking skills in this population has created a demand for shift in education that focuses
on constructivist learning approaches. A change of pedagogy may better serve one million
students enrolled every year in college algebra (Chapko, & Buchko, 2004). Inquiry-based
learning is an alternative pedagogy that has the potential to help students develop critical
thinking skills and better prepare them for the complexities of the modern world.

Purpose Statement
It is important that teachers foster reasoning and create a culture of learning and an
environment of questioning, listening, and engaging students in tasks that help them develop
their critical thinking skills (Prince & Felder, 2006). The traditional learning format gives a little
concern to the students’ ability to understand, retain, and apply the knowledge they accumulated
(Barrows, 1983). The accumulation of information and repeating it is not as important as the
ability to find the information and use it in different situations (Simon 1996). The traditional
learning format may not be the most effective method to prepare students for the new
information age (Barrows, 1983). Students must draw on their knowledge, and through the
process, they will often develop new understanding (Prince & Felder, 2006).
The purpose of this current mixed-methods study was to examine the effects of IBL as a
student-centered pedagogy that follows the constructivist principles on students’ overall critical
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thinking skills, and the five critical thinking sub-scales: (a) analysis, (b) evaluation, (c) inference,
(d) inductive reasoning, and (e) deductive reasoning. Also, this current study investigated the
effect of the IBL on students’ math achievement exam scores and the students’ perceptions
towards the use of the IBL pedagogy.

Significance of the Study
IBL has not been sufficiently researched, especially in a college algebra courses in a
university setting, and there is no clear indication of how it should be implemented or what the
factors are that make it a successful pedagogy (Abdelraheem, & Asan, 2006; Beuermann,
Naslund-Hadley, Ruprah, & Thompson, 2013; Madhuri, Kantamreddi, & Prakash Goteti, 2012;
Spronken-Smith, Walker, Batchelor, O'Steen, & Angelo, 2011).
The importance of mathematics cannot be emphasized enough. The National Curriculum
for Mathematics (2009) summarizes the importance of math this way:
Mathematical thinking is important for all members of a modern society as a habit of
mind for its use in the workplace, business and finance; and for personal decisionmaking. Mathematics is fundamental to national prosperity in providing tools for
understanding science, engineering, technology and economics. It is essential in public
decision-making and for participation in the knowledge economy. Mathematics equips
pupils with uniquely powerful ways to describe, analyze and change the world. It can
stimulate moments of pleasure and wonder for all pupils when they solve a problem for
the first time, discover a more elegant solution, or notice hidden connections. Pupils who
are functional in mathematics and financially capable are able to think independently in
applied and abstract ways, and can reason, solve problems and assess risk. Mathematics
is a creative discipline. The language of mathematics is international. The subject
transcends cultural boundaries and its importance is universally recognized. Mathematics
has developed over time as a means of solving problems and also for its own sake.
The effectiveness of any mathematics pedagogy should be examined. If students don’t
perform well, then the instructional pedagogy used should be changed or modified and if
students do well, then the use of the instructional pedagogy should be encouraged by instructors

and administrators. This study examined whether the IBL pedagogy has effects on students’
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critical thinking skills and math achievement scores in a college algebra class located at a
midsized, Midwestern urban university that is classified as a Predominantly Black Institution
(PBI). The results of the current study may provide educators with increased insight on how to
create an IBL environment and incorporate IBL instruction into the curriculum, which may help
students to develop deep understanding, increase the passing rate of students enrolled in college
algebra, and reduce the withdrawal rate. The current study may provide evidence that may be
beneficial to policy makers and instructional designers who want to design learning
environments that foster students’ critical thinking skills.

Inquiry-Based Learning (IBL)
IBL is a student–centered pedagogy that focuses on the student rather than the teacher
who transmits defined content; students are active learners who learn by doing (Reiser &
Dempsey, 2012). IBL puts students in the driver’s seat; they bring their prior knowledge and
interests into the learning environment; students participate in setting goals, designing learning
activities, and assessment (Jaworski, 1994; Magee & Flessner, 2011; von Glasersfeld, 1993). The
instructor participates in these activities, guides students through them, and encourages them to
reflect and explore deeper. IBL allows the students to take ownership of their learning and
encourages them to think for themselves (Ketpichainarong, Panijpan, & Ruenwongsa, 2010;
Magee & Flessner, 2011); it allows students to ask questions and develop their own sense of
their surroundings. Through these experiences, students develop deep conceptual understanding
over procedural understanding. Effective IBL encourages deep engagement in activities and
provides opportunities to collaborate with peers through class presentation or group-oriented

work (Kogan & Laursen, 2013; Magee & Flessner, 2011).
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Unlike traditional learning, IBL does not restrict students to what the teacher transmits; it
allows them to search, collaborate, evaluate their answers, and understand their thought
processes (Darling-Hammond, 2008; Sawyer, 2006). It allows them to feel they are part of a
group, and they are not isolated. They know that their teacher is there to guide them and lead
them to become critical thinkers and problem solvers (Darling-Hammond, 2008; OECD, 2009;
Perkins, 2008; Sawyer, 2006). IBL helps students develop processing skills, understand
concepts, and retain information longer (Celikten, Ipekcioglu, Ertepinar & Geban, 2012;
Maxwell, Metgendoller, Bellisimo, 2005; Simsk & Kabapmar, 2010).
However, not all studies on IBL have found positive effect. Gokhale (1995) found that
IBL has no effect on factual knowledge. Kazempour (2013) found that IBL did not influence
deductive skills. Qing, Jing, and Yan (2010) pointed out that IBL influenced only analysis and
evaluation skills. Quitadamo, Brahler, and Crouch (2009) concluded that IBL improved critical
thinking for chemistry students but not math students. Furthermore, other researchers suggested
that there was no difference in students’ critical thinking skills when students using IBL are
compared to those using traditional learning (Campbell, Zhang & Neilson, 2011; Cobern,
Schuster, Adams, Applegate, 2010; Magnussen, Ishida, & Itano, 2000).
Even though there was no effects of IBL in some studies, researchers have speculated
that it may be caused by improper implementation and the teacher’s lack of experience in the
IBL pedagogy (Gokhale, 1995; Quitadamo et al., 2009). Quitadamo et al. (2009) stated that IBL
was more effective in chemistry than math because IBL is not used often in math and teachers do
not know how to implement it correctly. More studies are needed to verify those results.

Implementation of Inquiry-Based Learning
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IBL is implemented as follows: first, teachers present students with problems that are
purposely designed not to have a ready solution; then the students are required to identify issues
and the underlying principles (Celikten et al., 2012; Kogan & Laursen, 2013; Kuech, 2004;
Summerlee & Murray 2010). Second, students research the issue they are learning. Third,
students work as a group and share the information, which is an essential part of IBL (Gokhale,
1995; Ketpichainarong et al., 2010; Qing, Jing, & Yan 2010; Quitadamo et al., 2009; Summerlee
& Murray 2010). Fourth, students integrate the new knowledge into the problem at hand. This
process may be repeated multiple times, which allows students to practice how to communicate
effectively and share resources with each other (Celikten et al., 2012; Kuech, 2004; Kogan &
Laursen, 2013; Summerlee & Murray 2010).

Inquiry-based Learning Versus Traditional Learning
There is a demand for implementing new pedagogies in teaching to meet the new
challenges facing 21st century students (Alberta Education, 2010; Barron & Darling-Hammond,
2008; Friesen & Jardine, 2009; Perkins, 2009). The traditional transmission-based learning that
was designed to meet the needs of the industrial era is inadequate and does not serve the
demands of the 21st century (Darling-Hammond, 2008; Alberta Education, 2010). New
pedagogies that reflect the changes in the economy and the advancement in technology should be
investigated. Darling-Hammond, (2008) stated,
Most of today’s jobs require specialized knowledge and skills, including the capacity to
design and manage one’s own work, communicate effectively and collaborate with
others, research ideas, collect, synthesize, and analyze information; develop new
products; apply many bodies of knowledge to novel problems that arise. (p. 1)
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The traditional way of teaching that focuses on the students’ ability to recall isolated facts
and follow procedures (Sawyer, 2006), and prepackaged knowledge should be replaced by new
education environments that enable students to think critically, solve problems, and transfer and
apply their knowledge to new situations (Darling-Hammond, 2008). Students need to be given
opportunities to experience creating knowledge in order to develop critical thinking skills
(Perkins, 2009). One alternative to the traditional way of teaching is inquiry-based learning.
Unlike traditional transmission-based learning where the students are passive recipients
of information, and the teacher is the main source of knowledge (Sawyer, 2006), IBL is a
student-centered method that focuses on students’ active participation, and the teacher is a guide
and facilitator. IBL pedagogy considers that student learn best when the subjects are meaningful
to them and they have the opportunity to engage in authentic tasks that reflect the reality of the
subject (Darling-Hammond, 2008; OECD, 2009; Perkins, 2008; Sawyer, 2006). The role of the
teacher is to create an environment that triggers students’ curiosity, encourages them to think
critically, solve problems, collaborate, communicate effectively, work with multiple
perspectives, make good decisions, and be lifelong learners (Alberta Education, 2010).

The traditional way of teaching that focused on superficial coverage of the subject did not
help students to learn anything in depth; a curriculum that was ‘a mile wide and an inch deep’
did not give students the opportunity to make connections among the different things they
learned (Bransford et al. 2000), whereas, IBL believes that deep understanding occurs when
students are active participants and involved in shaping their learning experiences. Davis (2008)
stated that the traditional way of teaching that relied on rote memorization and focused on
teaching isolated facts may allow students to pass a test but will leave them without
understanding and unable to use and apply the knowledge in different situations. Students need

to be challenged and asked to apply what they learn in real life situations and teachers need to
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provide them with continuous feedback and scaffolding in order for learning to occur.
Unlike the traditional way of teaching, that focuses on summative assessment and on one
right answer (Sawyer, 2006), IBL provides students with formative and continuous feedback that
helps students to understand their mistakes, improve their work and better understand their
thought process. It also helps teachers to adjust their teaching to help students reach their goal
and understand deeply the task at hand.

Theoretical Framework
The main principles of constructivist epistemology incorporated in the theories of Dewey,
Piaget, and Vygotsky guided the theoretical framework and the design of the IBL in this study.
The key tenets of constructivism support the pedagogical process of IBL. IBL is supported by the
following shared ideas: (a) learning is an active process that requires learners to be active
participants in constructing their knowledge and to engage physically and mentally in class
activities (Dewey, 1916); (b) learning is social activity, and it does not happen in isolation, social
interactions with peers and teachers are vital to the learner’s cognitive development (Dewey,
1901; Vygotsky, 1978); (c) learning is a process where students learn by constructing meaning to
their surroundings, and use what they learned to build their new knowledge (Piaget, 1972;
Vygotsky, 1978); (d) the role of the teacher is to foster students’ construction of knowledge
through inquiry; (e) teachers are facilitators who support collaborative learning and manage
student groups and class discussions; (f) teachers are facilitators that design learning
environments to facilitate the learning process, and help learners develop critical thinking skills
(Dewey, 1916; Piaget, 1972; Vygotsky, 1978); (g) learning is a lifelong process, and it takes time
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for learning to occur (Piaget, 1972; Vygotsky, 1978). Thus, the strength of constructivism and

IBL allows students to ask questions and develop their own sense of their surroundings; through
these experiences, students develop deep conceptual understanding over procedural
understanding (Kogan & Laursen, 2013; Magee & Flessner, 2011).
Research Questions
The current study addressed the following questions:
1)   What effect does inquiry-based learning intervention have on the overall critical thinking
skills of students in a college algebra class?
2)   What effect does inquiry-based learning intervention have on the critical thinking skills
of analysis, deductive reasoning, evaluation, inductive reasoning, and inference?
3)   What effect does inquiry-based learning intervention have on the math achievement score
of students in a college algebra class?
4)   What are the students’ perceptions of the effectiveness of the instructional pedagogy?

Assumptions
It was assumed that the sample would be representative of students from predominantly
Black Institutions, and also representative of students who are required to take college algebra
course. In addition, it was assumed that students will answer truthfully because their responses
were confidential, participation is voluntary, and students could withdraw from the study any
time without any ramifications.

Limitations and Delimitations
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The sample was not selected randomly; it was a convenience sample. The study was
confidential, voluntarily, and students may choose to withdraw any time without any penalty.
The current study was delimited to students who were enrolled in the college algebra sections
that the researcher teaches and it was delimited to 12-weeks and three-credit hour college algebra
classes. Also, the researcher was the instructor of both sections of college algebra class.

Definitions
•   Analysis is the identification of "the intended and actual inferential relationships among
statements, questions, concepts, descriptions or other forms of representation intended to
express beliefs, judgments, experiences, reasons, information or opinions (Facione, 1990,
p.14).
•   Collaborative learning is a method for students to work together to achieve an academic
goal (Johnson & Johnson, 1999). Hiltz (1994) stated,
Collaborative learning means that both teachers and learners are active
participants in the learning process; knowledge is not something that is delivered
to students, but rather something that emerges from active dialogue among those
who seek to understand and apply concepts and techniques. (p. 23)
•  

Critical thinking skills are skills that are “purposeful, self-regulatory judgment which
results in interpretation, analysis, evaluation, and inference, as well as explanation of the
evidential, conceptual, methodological, criteriological or contextual considerations upon
which the judgment is based” (Facione, 1990, p. 3).
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•   Deductive reasoning: “that the assumed truth of the information provided necessitates the
truth of the inference drawn.” (Facione, 1984, p. 7)
•   Evaluation is
To assess the credibility of statements or other representations which are accounts
or descriptions of a person's perception, experience, situation, judgment, belief or
opinion; and to assess the logical strength of the actual or intended inferential
relationships among statements, descriptions, questions, or other forms of
representations. (Facione, 1990, p. 15)
•   Inductive reasoning “that an argument’s conclusion is purportedly warranted, but not
necessitated, by the assumed truth of its premises” (Facione, 1984, p. 7).
•   Inference is
to identify and secure elements needed to draw reasonable conclusions; to form
conjectures and hypotheses, to consider relevant information and to reduce the
consequences flowing from data, statements, principles, evidence, judgments,
beliefs, opinions, concepts, descriptions, questions, or other forms of
representation. (Facione, 1990, p. 16)
•   Inquiry-based learning (IBL) is a student-centered instructional pedagogy where students
are active participants working within groups, collaborating, and communicating their
ideas to solve application problems. The instructor is a facilitator who guides students
and asks probing questions to stimulate their critical thinking skills.
•   Math achievement score is the students’ grade on the post-test exam in college algebra
class.
•   Predominantly black institution (PBI) is an institution that serves at least 1,000
undergraduate students, and at least 50% of them are low-income or first-generation
degree-seeking undergraduate enrollment. Full time undergraduate students spend less at
PBI than other institutions offering similar instructions. At least 40% of enrolled students
are African-American students (Newamerica Information, 2015).
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•   Traditional lecture-based learning is a teacher-centered learning strategy based on rote

memorization and recalling facts. Teachers transmit the information and students receive
it. No participation in the classroom is required or expected.

CHAPTER 2
REVIEW OF THE LITERATURE

American universities are not preparing graduates for the kinds of interdisciplinary
critical thinking roles they will be asked to play in the workforce or as effective citizens (Hart,
2013). As a result, students are graduating from college without sufficient preparation to be
effective leaders in the modern world (National Research Council, 2007; U.S. Department of
Education, 2014). Almost all educators agree that the development of students’ critical thinking
skills should be a priority for higher education (Pithers & Soden, 2000). However, educators still
focus on covering content, memorizing facts, and following predefined rules and procedures
(Daud & Husin, 2004; Friesen & Jardine, 2009). In a technologically advanced society, workers
are expected to think critically, solve problems, interact and work collaboratively. Critical
thinking skills are important and the education system should take responsibility to teach
students how to be critical thinkers and problem solvers (U.S. Department of Education, 2014).
Students need more than the ability to read and write to be effective in their academic
lives and their future careers. Ennis (1996) and Paul (1994) stated that, in order for citizens to be
effective in a democratic society, students need to have critical thinking skills to make informed
decisions, assess, and make judgments regarding information they obtain. Critical thinking skills
can help students improve and manage their personal lives, become independent and life-long
learners (Tsui, 1999).
The next section of this chapter will cover the concept of critical thinking, barriers to

developing critical thinking skills, the development of critical thinking skills, constructivism,
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inquiry-based learning (IBL) as a pedagogical technique related to the constructivists theory of
learning, and finally will cover literature related to inquiry-based learning (IBL) as a pedagogical
technique to developing critical thinking skills and achievement.

Concept of Critical Thinking
Critical thinking has been mainly conceptualized as skills and dispositions (Ennis, 1989;
Mcpeck, 1990; Paul, 1995). Critical thinking dispositions include inquisitiveness, truth seeking,
fair-mindedness, and self-confidence (Facione, 1990). Even though researchers agree that
dispositions are relevant to critical thinking, the focus in this study was on the critical thinking
skills and finding instructional strategies to develop these skills (Bailin, 2002; Facione, 1990).
The current study measured critical thinking as a set of skills rather than dispositions.
There are many definitions of critical thinking. Ennis (1985) defined critical thinking as
“a form of rational, reflective and reasonable thinking that is focused on deciding what to believe
or do” (p. 45). Lipman (1988) thought of critical thinking as “skillful, responsible thinking that
facilitates good judgment because it 1) relies upon criteria, 2) is self-correcting, and 3) is
sensitive to context” (p. 39). Willingham (2007) stated that critical thinking is “seeing both sides
of an issue, being open to new evidence that disconfirms your ideas, reasoning dispassionately,
demanding that claims be backed by evidence, deducing and inferring conclusions from
available facts, solving problems, and so forth” (p. 8). The Critical Thinking Community defined
critical thinking as “the intellectually disciplined process of actively and skillfully
conceptualizing, applying, analyzing, synthesizing, and /or evaluating information gathered
from, or generated by, observation, experience, reflection, reasoning, or communication, as a
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guide to believe and action” (Scriven & Paul, 2007, p. 1). Also, critical thinking has been defined
as metacognition (Khun & Dean, 2004) or the process of thinking how to think (Flavell, 1979).
Finally, in 1990, the American Philosophical Association (APA) published the Delphi Report’s
consensus definition of critical thinking.

American Philosophical Association Definition
In 1987, the American Philosophical Association (APA) lead by Facione as a facilitator
used the Delphi technique to come up with a definition of critical thinking that the majority agree
on. It was the most extensive qualitative study of critical thinking in history. Forty-six experts
affiliated with social sciences, physical sciences, philosophy, psychology, and education from
Canada and the Unites States communicated over two years until a consensus definition of
critical thinking known as The Delphi Report was reached. The APA defined critical thinking as
“Purposeful, self-regulatory judgment which results in interpretation, analysis, evaluation, and
inference, as well as explanation of the evidential, conceptual, methodological, criteriological or
contextual considerations upon which the judgment is based” (Facione, 1990, p. 3). The APA
Delphi report characterized the following cognitive skills as the core critical thinking skills:
interpretation, analysis, evaluation, inference, explanation, and self-regulation. This definition
was considered for the current study because it was comprehensive enough to include the key
characteristics of critical thinking and it could be assessed directly using the California Critical
Thinking Skills Test (CCTST) instrument developed by the Delphi Report panel. The overall
critical thinking skills and the five sub-scales scores were examined in the study using the
CCTST instrument.

Barriers to the Development of Critical Thinking Skills
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The traditional format of instruction in higher education does not encourage the
development of critical thinking skills (Paul, 2005). It does not provide students with
opportunities to think critically or understand deeply what they are learning (Lunenburg, 2012).
The traditional format of teaching views knowledge as a collection of facts about the world and
sets of procedures students need to follow to solve a problem, and the students’ role is to
memorize those facts and procedures (Perkins, 2009; Sawyer, 2006). The traditional format is
teacher-centered method where teachers are the source of knowledge and their role to transmit a
large amount of information to their students. Success is determined by testing students to see
how many facts and procedures they have memorized (Sawyer, 2006). Passive learning may
allow students to pass a test but will leave them without understanding the whole picture and
unable to use and apply that knowledge in different situations or make connections between the
different things they learned (Bransford, Brown, & Cocking, 2000; Davis, 2008; Perkins, 2009).

Developing Critical Thinking Skills
Researchers agree that passive learning does not promote critical thinking, and it is
necessary to use active learning strategies that support, encourage, and facilitate the acquisition
of critical thinking skills (Halpern, 1998; Khun & Dean, 2004). Pithers and Soden (2000) stated
promoting students’ critical thinking required designing a learning environment that encourages
students to investigate, experiment, inquire, reflect, and communicate. Abrami et al. (2008),
Halpern (1998), Kennedy et al. (1991), and Lewis and Smith (1993) indicated that supportive
instructional strategies could improve students’ critical thinking skills regardless of their
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intellectual levels. There are different instructional strategies that could improve students’ critical
thinking such as explicit instructions (Abrami et al., 2008; Facione, 1990; Halpern, 1998;
Kramarski & Mevarech, 2003; Paul, 1992; Schneider & Lockl, 2002; Schraw et al., 2006),
modeling (Ertmer & Newby, 2013), and collaborative learning (Abrami et al., 2008; Bailin et al.
1991; Hayman, 2008; Kramarski & Mevarech, 2003; Kuhn & Dean, 2004; Nelson, 1994; Paul,
2005; Schraw et al., 2006).

Explicit Instructions
It is important that teachers clearly instruct students how to construct meaning, and
effectively monitor and evaluate what they have constructed (Schraw et al., 2006), and design
instructions that align with authentic experiences to enable students to use it at appropriate
situations (Kramarski & Mevarech, 2003; Schneider & Lockl, 2002). Teachers should help
students develop skills to regulate and monitor their own thinking and provide students with
support, scaffolds, and guidance during the learning process (Kramarski & Mevarech, 2003;
Kuhn, 2000). Teachers should state to the students the purpose and the rationale for learning a
new skill or content. Providing students with clear explanation will help students to identify the
different parts of the task, activate their prior knowledge, and think about the appropriate strategy
to use; it encourages them to reflect on the problem at hand before solving it (Kramarski &
Mevarech, 2003). Instructions should be directed towards increasing the awareness of a task not
the task procedures (Kuhn, 2000).

Modeling
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Students learn how to think critically when the lessons are more focused on interpreting
information and data, analyzing statements, and making conclusions about what has been learned
(Ertmer & Newby, 2013). In a math class for example, students learn better if teachers think
aloud and talk through their thought process as they go trough the steps to solve a problem.
Students learn through the questions teachers raise and the comments they make (Ertmer &
Newby, 2013).

Collaborative Learning
Critical thinking includes the ability to interact with others, respect their contribution, and
provide constructive responses during group discussion (Bailin et al., 1991). Social experiences
help develop the ability to judge the credibility of arguments and claims (Hayman, 2008) and
allow students’ misconceptions to surface and to be corrected (Nelson, 1994). Kramarski &
Mevarech (2003) suggested that collaborative learning would be more effective if students are
taught clearly how to collaborate. Schraw et al. (2006) explained when small groups consist of
students at the same developmental level, they could provide each other with examples within
their zone of proximal development (ZPD). Working in a collaborative group will improve
students’ performance and allow them to express their mathematical ideas better than if they
work alone (Kramarski & Mevarech, 2003). Social interaction can improve students’ learning
outcomes because it allows them to internalize processes of providing explanation and
clarification (Kuhn & Dean, 2004). Creating collaborative learning environment is a central
strategy to constructivism. Collaborative learning does not mean sharing the workload or coming
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to an agreement regarding an issue. It is allowing learners to understand multiple perspectives on
an issue. The objective of collaborative learning is the process of developing and evaluating the
argument (Bendar et al., 1992). Collaborative learning allows learners to explain, justify their
thinking, and share their interpretation to the instructional tasks (Cobb, 1994). The next section
shows how explicit instructions, modeling, and collaborative learning are main components of
constructivist theory of learning.

Constructivism
Constructivism is an epistemology that rejects the traditional way of viewing knowledge
as independent of the learners and their experiences (Abdel-Haqq, 1998). Constructivism goes
back many centuries, but in the modern times, it is reflected in the theories of Dewey, Piaget, and
Vygotsky. Constructivists believe, whether or not there is an objective reality, individuals must
actively construct and reconstruct their own reality in an effort to make sense of their experience
(Jonassen, 1991). Piaget (1965) emphasized the need for teachers to act as facilitators in helping
students do the tasks and make sense of the content through their own thoughts. Bruner (1990)
pointed out that instruction should be designed to facilitate extrapolation and to fill in the
knowledge gaps that learners have. There are no predetermined correct meaning learners need to
achieve or objective reality they need to know (Jonassen, 1991). Knowledge develops in contexts
within which it is pertinent. Learning occur when learners’ pre knowledge, own experiences, and
beliefs are incorporated within the new knowledge (Prince & Felder, 2006). However, if
knowledge is isolated, it may be memorized for the exam, but it may not be incorporated into the
learners’ belief system and it will not be learned (Prince & Felder, 2006). Therefore, it is
necessary that learning occurs in real life situations and the learning tasks are related to the

learners’ own experiences (Ertmer & Newby, 2013). Constructivists believe that involving
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learners in real and authentic situations anchored in meaningful context will enable learners to
use ideas and transfer the knowledge they gained to different situations (Brown et al., 1989).

Inquiry-Based Learning and Constructivism
Inquiry-based learning (IBL) is an instructional pedagogy that promotes active learning
(Prince & Felder, 2006). It focuses on the process of learning through observation and
questioning rather than on getting the right answer to the problem. IBL is the most suitable
approach to teach novice learners who lack the experience and the knowledge to deal with illstructured problems from the start (Schank, 1982). IBL encompasses three different techniques
that gradually prepare students to deal with ill-structured problems. First, structured inquiry,
students are given a problem or outline for how to solve the problem. Second, guided inquiry,
students are self-directed in term of exploring the problem and finding a solution. Third, open
inquiry, students formulate the questions themselves (Staver & Bay, 1987).
IBL not only is an instructional strategy to teach a subject, ask students to solve a
problem, or do a project. It is rather helping students to develop critical thinking skills and deep
understanding of the subject by involving them in real world problems and encouraging them to
ask questions, research, create solutions, reflect, and communicate with each other (Bradford,
Brown, & Cocking, 2000; Barron &Darling-Hammond, 2008; Sawyer, 2006). The teacher in the
inquiry-based learning environment facilitates students’ learning by creating a collaborative
environment that helps learners to improve their critical thinking skills, and be more aware of
their learning processes as well as how to regulate those processes for more effective learning
(Hmelo-Silver, Duncan, & Chinn, 2007; Palincsar, 1986).
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The main principles of IBL align well with constructivists’ method of learning. The main
principles in the IBL environment are learner-centered, knowledge-centered, assessmentcentered, and community-centered environment. In the IBL environment, learners are the focus
of the teacher in the classroom, teachers pay close attention to the learners’ prior knowledge and
the type of skills they already have so they can help students incorporate it within their existing
knowledge (Prince & Felder, 2006; Yilmaz, 2008). Dewey (1938) criticized the traditional way
of teaching that focused on memorizing facts instead of promoting thinking and habits of mind
that is related to how knowledge is created in science. Dewey (1901) believed that direction for
growth is found in the learner’s interest and their own activities; the role of teachers is to bring
out the learners’ desired interests, and the focus should be on intrinsic interests rather than
extrinsic. He believed that teachers should give students some control over what they learn
instead of being passive recipients of the knowledge that transmitted. Dewey (1938) believed
that students should be active participants in their learning process and encouraged them to
construct their own knowledge based on their prior knowledge and experiences they already
have. Piaget (1972) suggested that individuals must construct their own knowledge and build it

through experience in order for learning to take place. Bruner (1990) stated that instruction has to
be related to the learners’ experiences and contexts that they can understand in order to be
willing to learn.
In the IBL environment, teachers pay attention to the learners’ progress, so they can
devise the tasks accordingly and challenge students enough to maintain their engagement, but not
too difficult to lead to discouragement (Prince & Felder, 2006). The focus in the classroom is on
what is being taught, why, and what mastery looks like. Mastery requires well-organized
knowledge that supports learning with understanding, which makes learning easier and

transferable (Davis, 2008). Unlike the traditional environment that focuses on memorizing
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disconnected facts, knowledge-centered environments focus on deep understanding that leads to
critical thinking and facilitates future learning (Sawyer, 2006). Dewey (1938) pointed that
teaching students isolated facts within the traditional lecture-based method not only does not
help students perform well in standardized tests, but also it harms their natural capability to
reason. Dewey believed that focusing on getting correct answers restricts the creativity of higher
order thinking and connections to real life situations. Students who learn by the traditional
method will not be able to gain the critical thinking skills that help them transfer their knowledge
from one situation to another. Dewey (1944) stated, inquiry is not only a way to gain knowledge
but also is a way of living to strengthening democracy, becoming ethical citizens and make
positive social change. Dewey (1916) stressed, “thinking is a process of inquiry, of looking into
things, of investigating” (p. 173). Piaget (1965) believed that the focus should be on inquiry
instead of recall and practice.
In the IBL environment, teachers facilitate self-reflection and evaluation, which are major
parts of the inquiry process (Scruggs & Mastropieri, 2007). The teacher asks guided questions to
stimulate students’ thought process, encourages them to interact, and provides immediate
constructive feedback. Students can think aloud, write their thoughts, make observations,
analyze, and evaluate themselves and each other (Leonard & Penick, 2009; Simpson &
Courtney, 2007). Dialogue is one way to help students develop critical thinking skills; teachers
could guide students by asking them questions that help them reflect, analyze their own thoughts,
draw conclusions and put what they learned into practice, evaluate their own activities and find
the purpose of it (Kahn & O’Rourke, 2005; Khun & Dean, 2004; Rapp, 2005). These probing
questions could teach students to start asking themselves the same questions, which helps them
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understand how their minds function and enables them to develop skills to plan, implement, and
evaluate their own approaches to problem solving (Barrett, 2005; Downing, Chan, Lam, &
Downing, 2009); once students’ skills increase and they are capable of directing themselves,

gradually the role of the teacher diminishes and control will be transferred from the teacher to the
student (Khun & Dean, 2004; Palincsar, 1986). Dewey (1933) indicated that reflection represents
a human ability of higher order thinking and their ability to make connections between their
thoughts and ideas; through reflection, teachers guide students to create connection between their
experiences and the meaning they develop from those experiences. He viewed instructors as
guides of the learning process whose responsibility is to utilize the physical and social
surroundings and extract from them what could contribute to a worthy learning experience.
In the IBL environment, group work where students collaborate together is a main
component to promote student’s critical thinking skills and conceptual understanding
(Abdelraheem, & Asan, 2006; Cortright et al., 2005; Gokhale, 1995; Qing et al.,
2010; Quitadamo et al., 2009). Dewey (1928) believed that school cannot be separated from
society, he viewed school life an extension of the community and the society where the learner
lives. Dewey (1900) defined society as a place where people worked together towards common
goals. Vygotsky is the main proponent of social constructivism. Vygotsky’s concept of the ZPD
argue that students learn best through social interactions with more knowledgeable peers,
teachers, and others by providing a scaffold for the students’ acquisition of more advanced
knowledge (Vygotsky, 1978). Vygotsky (1978) believed that students should not be forced
outside their ZPD, which is defined as “the distance between the child’s actual development
level as determined by independent problem solving and the higher level of potential
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development as determined through problem solving under adult guidance and in collaboration
with more capable peers” (p. 86).
Vygotsky (1978) believed that two levels of performance exist in that ZPD zone,
independent performance and assisted performance. According to Vygotsky (1978), it is the
teacher’s role to facilitate the transition from the independent performance level to the assisted

performance level by understanding the current level of development of the learner and the path
to get the learner to the next level. The teacher needs to design and follow a strategy to provide
the learner with the appropriate amount of assistance at appropriate times. There are several
scaffolds that a teacher could use to facilitate the learning process and assist the learner in
mastering a new skill or a concept such as, hints, prompts, cues, questions, group activities, or
self-talk. Once the new skill is mastered, those scaffolds can later be removed. With each skill
mastered, a learner continues moving within his/her ZPD, going repeatedly between the
independent performance and the assisted performance. Vygotsky (1978) believed that this
process supported and facilitated learning.
Consequently, according to constructivist theory, effective learning must provide
learners with an environment that allows them to build knowledge based on what they already
know so they can see the connection, encourage them to be active participants and take
responsibility for their learning, become self-directed learners and lifelong learners, provide
authentic learning opportunities, and involve students in collaborative learning (Prince &
Felder, 2006). Constructivist teachers are not information transmitters; they are facilitators that
help students to actively build their knowledge. Constructivists’ courses provide learners with
enough time to reflect on their new constructed knowledge and how it fits with their current
understanding.

Inquiry-Based Learning: Empirical Studies
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Despite the IBL rich history, empirical support has been inconclusive. The following
section will present some studies that have shown a positive influence of IBL on conceptual
understanding, problem solving, and academic achievement. Also, some studies that have
contradictory results will be presented. In addition, some studies contributed the success of IBL
to certain factors such as the collaborative learning, the role of the instructor as a guide and a
facilitator, and the way groups are formed in the IBL environment.

IBL Promotes Conceptual Understanding
One of the main reasons for promoting IBL is that it helps students to develop processing
skills, understand concepts, and retain information longer (Celikten et al., 2012; Maxwell,
Metgendoller, and Bellisimo, 2005; Simsk & Kabapmar, 2010). Simsk & Kabapmar (2010)
investigated the effects of IBL pedagogy on the students’ conceptual understanding of science.
They found that an IBL approach was more effective than the traditional approach in helping
students understand scientific concepts (Simsk & Kabapmar 2010). The inquiry environment
encouraged students to ask questions and construct explanations, compare them against existing
knowledge, and share them with the others (Simsk & Kabapmar 2010). IBL enhanced and
promoted a better understanding of science concepts when students were actively engaged in the
learning process and guided by the instructor (Simsk & Kabapmar 2010). Maxwell et al. (2005)
found modest evidence that the problem based learning increased high school students learning
of macroeconomic concepts compared to the traditional method. Similarly, Celikten et al. (2012)
conducted a study to examine the effect of IBL vs. traditional learning on students’
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understanding of earth and sky concepts. Two groups of 54 fourth grade students in science class
were compared. One group was taught using the inquiry-based learning pedagogy and another
group was taught using the traditional method. An Earth and Sky Concepts Test (ESCT) was
used to measure students’ achievements. Results revealed that the IBL group had significantly

better understanding and acquisition of the earth and sky concepts than the traditional group. The
IBL pedagogy allowed the students to be active participants, and activated their previous
knowledge and corrected their misconceptions, which promoted acquisition of the new concepts
and integrated them with existing conceptions (Celikten et al., 2012). Also, a study conducted by
Ketpichainarong, Panijpan, and Ruenwongsa (2010) examined the effect of IBL on students’
critical thinking skills and achievement in biotechnology class. Several instruments were used to
assess students’ achievement: conceptual understanding test, concept mapping, students’
documents, the Constructivist Learning Environment Survey (CLES), students’ self-reflection,
and interviews. Fifty-four students were selected and randomly divided into 10 groups of five to
six students. A pre-post test of the above instruments was compared and results revealed higher
scores after the intervention. Students were able to construct knowledge, reason, communicate,
and explain.

IBL Promotes Problem Solving
IBL instructions enabled students to generate more problem solving strategies than the
traditional method (Barron, 2003; Barron & Hammond, 2008; Drake & Long, 2009; Ertmer &
Simone, 2009; Ketpichainarong et al., 2010). Drake & Long (2009) conducted a quasiexperimental study and investigated if IBL methods are more effective than a direct
instruction/experiential model in increasing content knowledge, increasing retention of
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information over time, and facilitating the transfer of problem-solving skills to other situations.
Fourth graders receiving IBL (intervention group) in science were compared with a group

(comparison group) who received the same instruction in a direct instruction/experiential format.
Content knowledge was measured with a 16-item pre- and post-test. To determine whether or not
students could transfer problem-solving skills to another situation, five students from each class
were randomly selected and interviewed during the week following the science instruction. Four
months after the initial science instruction, ten students were randomly selected from each class
for interviews to determine if they had retained problem-solving skills. A t-test that was used to
compare growth in the content knowledge showed that the experimental group was significantly
higher than the comparison group. Also, the responses of the experimental group, both
immediately after the teaching period and four months later, indicated that the experimental
group had higher ability to solve problems and retain skills.
In their study, Ertmer and Simone (2009) suggested that IBL, if used effectively, could
prepare the students to be flexible thinkers who can collaborate with others to solve problems.
IBL demonstrated that it could increase students’ problem solving skills and help them to explain
the process needed to deal with a particular problem; also it helped students develop a positive
attitude towards their learning. It increased self-directed learning skills that allowed them to
communicate their solutions with depth and breadth (Ertmer & Simone, 2009). Similarly,
Ketpichainarong et al. (2010) found that students became better in solving problems, developing
their own understanding of the content, and communicating it to their peers. It gave the students
a sense of ownership to their projects and promoted their critical thinking skills to study and
understand science. The ability to develop problem-solving skills is much higher in the IBL
environment because the IBL requires students’ collaboration, which leads to interaction

between students that helps them to solve problems independently (Ketpichainarong et al.,
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2010). Barron (2003) described that productive collaboration and groups’ interactions influenced
students’ success on independent problem solving. An IBL environment with well defined goals,
directed activities, and productive discussions over conflicting issues among students will
encourage students to evaluate their own work against what is expected and encourage them to
promote their own progress (Barron & Hammond, 2008).
Studies Showing Positive Effects of IBL on Student Academic Achievement
Through using IBL, students are more engaged in questioning, providing evidence,
formulating questions, evaluating, justifying and communicating explanations (Apedoe, 2008;
Marshall & Horton, 2011). IBL pedagogy help students take ownership of their learning and
motivate them to work harder, help them develop more independent and sophisticated ways of
research capability and confidence, which leads to achievement (Abdi, 2014; Akpulluku et al.,
2011; Fishman, Soloway, & Clay-Champers, 2008; Gordon, Rogers, Comfort, Gavula, &
McGee, 2001; Pandey et al., 2011; Summerlee & Murray, 2010). Abdi (2014) conducted a quasiexperimental study to investigate the effects of IBL versus the traditional method on students’
academic achievement in science. Two groups of 10 fifth grade students each were compared. A
pre and post-test of an Academic Achievement Test about science was administered to both
groups. Statistical analysis ANCOVA revealed that there is a significant difference in the mean
scores of students who were taught science using IBL. Similary, Pandey et al. (2011)
investigated the effectiveness of Inquiry Training Model (ITM) over conventional teaching
method in teaching physical science to secondary students. Two groups of 50 students each were
compared. A pre-test post-test of Achievement Test on physical science was administered to both

groups. Results revealed a statistically significant effect of ITM over conventional teaching
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method on academic achievement of students. Also, Akpulluku et al. (2011) conducted a quasiexperimental study to investigate the effect of IBL versus the traditional method on academic
achievement in science. The experiment group of 38 seventh grade students was compared to the
comparison group of 34 seventh grade students. A pre-post-test of Academic Achievement Test
was administered to both groups. Statistical analysis using ANOVA revealed that there was a
significant difference in science achievement in favor of the IBL group. These results are
consistent with quasi-experiment study conducted by Yildirm, Kurt, and Gunes (2014) examined
the effect of IBL on science achievement and scientific process skills. Two groups of pre service
teachers were compared, the experiment group consisted of 21 students, and the comparison
group consisted of 23 students. A pre and post-test Academic Achievement Test were
administered to both groups. Statistical analysis using Mann Whitney U test showed there was a
significant difference regarding the science achievement and the scientific process skills in favor
of the IBL group.
Furthermore, Summerlee and Murray (2010) conducted a quantitative study to determine
the impact of an IBL course on subsequent performance. The researcher followed the academic
progress of 17 undergraduates who completed an IBL seminar course in their first year by
tracking their subsequent performance in more traditional courses. Every semester following the
IBL seminar, the grade averages of this group of students was compared with two comparison
groups: one, a group of students who had participated in a different first-year seminar (i.e., they
had a small group experience but were not taught in an IBL mode), and the second, a group of
students chosen from a course delivered in traditional large-lecture format. Statistical analysis
using ANOVA and t-tests revealed significant difference in favor of the IBL groups. Also,

Fishman et al. (2008) and Gordon et al. (2001) concluded that supplementing the curriculum
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with IBL improved the behavior and increased the science achievement among urban minority
students. Similar results were obtained from an action study conducted by Witt (2010) to identify
the impact of using inquiry-based, or constructivist instruction in a middle school mathematics
classroom on student academic achievement. The teacher-researcher used both constructivist and
traditionalist instructional methods in the sixth (n = 18) and seventh grade (n = 18) mathematics
courses. Pre-assessments were administered at the beginning of each unit to measure students’
prior knowledge. Post-assessments were administered at the end of each unit to
measure students’ achievement. The difference between the pre-assessments and postassessments score were used to determine the students’ growth during each particular unit. The
student growth measured from each unit was compared to determine the methods impact
on student academic achievement. Achievement scores were calculated as a percentage
of correct items. The difference between the pre-assessment and post-assessment score was
calculated to determine students’ growth within each unit. The means and standard deviations of
those growth scores were also calculated. A dependent t-test revealed that that using inquirybased, or constructivist, is more effective in increasing student academic achievement within a
unit of instruction and has better impact on student academic achievement.

Studies Showing No Effect of IBL on Student Academic Achievement
In contrast to the previous studies, other studies have indicated that there were no
statistical differences between a constructivist method and the traditional method regarding
content knowledge (Chung, 2004; Santrock, 2001; Burris & Garton, 2007) or critical thinking
skills (Campbell, Zhang & Neilson, 2011; Cobern, Schuster, Adams, & Applegate, 2010;

33

Magnussen, Ishida, & Itano, 2000. Chung (2004) conducted a quasi-experimental, 2x2 factorial,
pre-test, post-test design to investigate the effectiveness of a pedagogy based on Constructivists
principles versus traditional learning on third grade students' academic achievement in learning
and remembering basic facts of multiplication and on students' acquisition of multiplication
skills. Four third-grade classes, a total of 71 students, were grouped into two sections, each
consisting of two classes. In the first section of classes, students were taught using a

constructivist approach. Three tests were used to analyze the study. These tests were the Stanford
Diagnostic Mathematics Test (4th edition), Key Math (Revised), and A Diagnostic Inventory of
Essential Mathematics. The tests were administered to all students in the study as pre-tests and
post-tests. ANOVA revealed that students from both approaches improved their multiplication
skills, as well as their understanding of the multiplication concepts, which involve basic facts.
Analysis of the data from the three multiplication achievement tests revealed no differences
between the mean scores on all measures in the Constructivist and Traditionalist approach
groups. The repeated measures of ANOVA showed there were no statistically significant
differences between the two approaches. These results are in agreement with Santrock (2001)
who stated direct instructions are better in teaching the students basic facts. This is consistent
with the findings of Burris and Garton (2007) who concluded that students taught by
traditionalist methods tended to score higher on content knowledge assessments than students
taught by constructivist methods. They used a quasi-experimental, non-equivalent comparison
group design to determine the effect of problem-based learning (PBL) on critical thinking ability
and content knowledge. The sample (N = 140) consisted of 77 students in the PBL treatment and
63 students in the supervised study treatment. Critical thinking ability was determined by the
Watson-Glaser Critical Thinking Appraisal (WGCTA) form S. Content knowledge was
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determined by a score for participants on the post-test administration of the quail management

test. The test consisted of 50 selected response items related to four unit objectives. ANCOVA
revealed that there is a significant difference in favor of the traditionalist method. Students who
were taught using the traditionalist method gained an average of nine points from pre-test to
post-test, whereas, the students taught by the constructivist methods showed an improvement of
just over 4 points of their pre-test scores. Also, Campbell et al. (2011) conducted a quantitative
study on two high school physics classes taught with the same teacher to investigate if there was
any observable difference in a variety of student outcomes (science content, scientific
process/reasoning, nature of science, and attitudes toward science) for a physics classroom
facilitated with IBL (experimental population) and a classroom facilitated with traditional lecture
(control population). The experimental group consisted of 24 students who worked in groups of
two to three students. The control group consisted of 26 students. The students in the classes
were not randomly selected; the instructional method was assigned randomly to each class. A
pre-test, post-test, and delayed-revised versions of the Physics, Attitudes, Skills, and Knowledge
Survey (rPASKS) assessment were administered to both groups. Results indicated that there was
no statistically significant difference in the students’ science outcome between the two groups.
These results were consistent with the findings of another study conducted by Cobern et al.
(2010). In their study, they investigated the effect of IBL vs. traditional learning on 180
incoming 8th grade students in five science classes. A pre-test and post-test were administered to
both groups. A t-test and ANOVA analysis indicated there were no significant differences
between the two groups. Similarly, Magnussen et al. (2000) conducted a study to measure the
effect of IBL on the critical-thinking abilities of students. The participants were new nursing
students who were admitted over a four-year period beginning the Spring 1991 semester until the

Fall 1995 semester. There were 150 paired-scores collected by testing the same student upon

35

admission and at graduation. The Watson Glaser Critical Thinking Appraisal (WGCTA) (1980)
was administered to the students in the first week of school and during the final semester of their
program. There was no statistical difference growth in scores.

Studies Showing Mixed Effects of IBL
There are mixed results regarding the influence of IBL on academic achievement and
critical thinking skills in the classroom. Some results have shown that the IBL influence varies
by subject and gender (Opdecam et al., 2014; Quitadamo et al., 2009), the type of critical
thinking skills (Qing et al., 2010; Quitadamo et al., 2009), or the type of instruction (Gokhale,
1995). Quitadamo et al. (2009) found that even though students’ critical thinking skills in science
had a significant increase over the math students, the level of performance of the math students
had a higher increase, 11% compared to the 3% in science. Those findings are supported by
another quasi-experiment that Opdecam et al. (2014) conducted on students from
accounting courses. A t-test was used to analyze the difference in performance between the two
groups at the pre- and post-test. Results showed that students in the collaborative learning
environment outperformed students in the non-collaborative learning environment even though
they started at a lower level of performance. Furthermore, Quitadamo et al. (2009) found that
gender had no effect on students’ critical thinking skills, but it had an effect on students’
performance. Female students’ level of performance in science class increased 12% while male
students decreased 5%. Similarly, female students’ performance in math class increased 10%,
while male students increased 1%. Likewise, Opdecam et al. (2014) found that female students’
performance was higher in the collaborative learning environment while male students’
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performance was higher in the non-collaborative learning environment. Opdecam et al. (2014)
and Quitadamo et al. (2009) speculated that the non-competitive nature of collaboration is
contrary to the competitive male nature. Male students are reluctant to share their knowledge
with their peers while female students appear to be more willing to share their knowledge.
Also, Qing et al. (2010) and Quitadamo et al. (2009) used the same instrument-

California Critical Thinking Test Skills (CCTTS) (Facione, 1990) the 34 multiple choice short
problem statements that targets the core of critical thinking (analysis, evaluation, inference,
deductive reasoning, and inductive reasoning). Quitadamo et al. (2009) found that students’
critical thinking skills increased significantly across all items of the test for the group who
collaborated in science (6.27%) but not in math (0.95%). The course type accounted for 2.7% of
critical thinking gains, which was almost six times greater for science students than math
students. Quitadamo et al. (2009) indicated that the non-significant increase in math might be
related to improper implementation, insufficient support, or lack of developed material. On the
other hand, Qing et al. (2010) found that the students’ scores in the “analysis” and “evaluation”
categories were higher after collaborative learning, but the scores were not high or differ
significantly in the “inference” category. Similarly, Gokhale (1995) used a different instrument
that was developed using Bloom’s taxonomy (1956) as a guide and included comparable
categories to the CCTTS. A pre- and post-test revealed that there was a significant increase in the
critical thinking category, but no significant difference in the drill-and-practice category between
the two groups.
Several research studies attributed the success of IBL to certain factors such as the
collaborative learning, the role of the instructor as a guide and a facilitator, and to the way
groups are formed in the IBL environment. These factors will be discussed next.

IBL Collaborative Learning Environments
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A number of studies have shown that collaborative learning environments can increase
students’ critical thinking skills (Abdelraheem, & Asan, 2006; Cortright et al., 2005; Gokhale,
1995; Qing et al., 2010; Quitadamo et al., 2009). Abdelraheem and Asan (2006) conducted a
study to examine the effect of inquiry-based, technology-enhanced, collaborative learning
environment on students' learning experiences. Results showed that collaborative learning could
help students acquire and flexibly use complex knowledge. Quantitative and qualitative
methodologies were used. Collaborative groups were formed to provide for cooperation between
students. The first group was freshman and the second group was graduate students. An inquiry
cycle of ask, investigate, create, discuss, and reflect was used. Pre-post assessment instruments
were employed to assess students’ learning experiences. Results revealed that undergraduate
students' performances were nearly close to graduate students' performances in the same unit of
the study. These findings align well with the findings of another study conducted by Cortright et
al. (2005) where paired t-tests revealed that students’ scores increased significantly when they
answered the questions in collaboration with others. Students who collaborated scored 27%
higher in problem solving than the group who did not collaborate. Similarly, Kuech (2004)
conducted a study to examine how collaborative learning promoted critical thinking skills such
as deep understanding and problem solving. Results showed that the interaction within the group
led to higher than average deep understanding of the concepts. When the students work together,
they tend to reflect and recall their previous knowledge with their group. They try to look at their
past experiences related to that particular concept, and negotiate their conceptual understanding
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with the group. As students work together as a group, they are exposed to multiple perspectives
of the concept, which helps them develop familiarity and better understanding of the concept.

Productive Inquiry and the Role of the Instructor
Successful IBL environments require that instructors create and manage meaningful
learning experiences and stimulate students’ thinking through real world problems (Cortright et
al., 2005; Gokhale, 1995). Qing et al. (2010) and Quitadamo et al. (2009) suggested that
instructors need to be committed and believe that collaborative IBL learning is beneficial and
could lead to better critical thinking skills and higher performance. Instructors need to
demonstrate good social skills, including listening, providing constructive feedback, asking
probing questions (Qing et al., 2010 & Quitadamo et al., 2009) and providing clear instructions
to their students in order to facilitate the learning process (Cortright et al., 2005; Gokhale, 1995).
Students will act more effectively and efficiently when they understand the education goal. They
will put in the effort to ensure that they achieve it (Cortright et al., 2005; Gokhale, 1995).
Instructors should select activities that are structured so students feel accountable and are
seriously involved and engaged in the discussion (Alfieri, Brooks & Aldrich, 2010; Cortright et
al., 2005; Gokhale, 1995; Qing et al., 2010; Quitadamo et al., 2009). A study conducted by
Alfieri, Brooks & Aldrich (2010) investigating the effect of discovery learning compared to other
methods indicated that unassisted discovery learning should not be done because it did not help
learners discover problem-solving rules or programming concepts. Unassisted discovery lacks
the structure, and does not guarantee that the student will understand and they will come in
contact with the material they are supposed to learn (Alfieri et al., 2010). Alfieri, Brooks &
Aldrich emphasize that direct instructions are necessary in some situations and they are

beneficial to students. They continued to explain that what comes easy to cognitive scientists
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who understand the cognitive process is not an easy task to novice learners. Even if the learners
were able to reach that level, it would take a lot of time, which could be saved with a little
direction from the teacher (Alfieri et al., 2010). Direct instructions, explicitly teaching the
learners about the cognitive process involved in problem solving, and providing examples will
empower the learners to use these skills in activities where they can discover the knowledge
themselves (Alfieri et al., 2010). The study concluded that the benefit of unassisted discovery is
limited, whereas enhanced discovery learning will lead the learners to be active, engaged and
eventually provide them with opportunities to be constructive, which might not present itself if
learners are left unassisted (Alfieri et al., 2010). Similarly, Cortright et al. (2005) indicated that
instructors should be facilitators and view teaching as a process to enhance and guide students to
develop their ability to learn.

Group Composition
Diversity in gender, ethnic background, and academic ability provides students with the
opportunity to work with people with different levels of strength and different ways to do a
task (Cortright et al., 2005; Gokhale, 1995; Lou, Abrami, Spence, Poulsen, Chambers, &
d’Apolloia, 1996). It is more likely that the group will succeed in a diverse group (Cortright et
al., 2005; Gokhale, 1995). Diversity in opinions, learning experiences, and learning styles
contribute positively to solving problems and to the learning process (Cortright et al.,
2005; Gokhale, 1995).
Also, group size plays an important role in collaborative learning (Cortright et al.,
2005; Gokhale, 1995; Lou et al., 1996). Lou et al. (1996) conducted a study to examine whether
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small groups were superior to whole class instruction in promoting student learning. The results
of the study showed that grouping is useful in facilitating student learning, especially in large
math and science classes. Similarly, Cortright et al. (2005) and Gokhale, (1995) stated that a
group of three or four students is a good group size; it is small enough that all members of the

group will participate in the discussion and large enough to ensure diversity in the group. A large
enough group will ensure that the group will still be able to carry on in case of
absences (Cortright et al., 2005).
Collaboration works most effectively if all members of the group contribute to the
discussion (Cortright et al., 2005; Gokhale, 1995). Furthermore, Cortright et al., (2005) added
that it is important to have the same group remain together; it will give group members an
opportunity to develop team-building skills and build positive working relationships.
Constructive group interaction prepares them for real life situations, the workforce, and for
society (Cortright et al., 2005).
Cortright et al., (2005), Gokhale, (1995), Larsy et al. (2009), Opdecam et al. (2014), Qing
et al. (2010), and Quitadamo et al. (2009) speculated that the group interaction facilitated the
learning process and gave students the opportunity to share their experiences and learn from each
other’s knowledge and skills which led to mastery of the original material, meaningful learning,
and an increase in their critical thinking skills and their performance. Positive interdependence,
individual accountability, and social skills of the group members were important in order for a
real discussion to take place (Cortright et al., 2005; Opdecam et al., 2014). The positive
interaction between students and between them and their teacher motivated students to learn and
instilled confidence in them that helped them to be actively involved and eager to learn
(Cortright et al., 2005; Gokhale, 1995; Qing et al., 2010). However, among these researchers,

Larsy et al. (2009) were the only ones who actually conducted an experimental study to
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investigate whether or not the interaction in collaborative learning is responsible for the increase
in performance. Using pre-test/post-test, Larsy et al. (2009) compared three groups from a
physics course. Three groups were given three different treatments. One group was asked to
discuss their answers. The second group was given time to reflect on part of the answers and was
distracted on the second part. The third group was distracted on the first part of the answers and
given time on the second part. All groups voted for the second time. Results showed that there
was an increase in performance in all groups, but the group with the discussion treatment had the
highest increase of 21% compared to 3.4% (distraction-reflection) and 9.1% (reflectiondistraction) for the other groups. Larsy et al. (2009) pointed out that the increase of performance
in the other two groups might be due to “testing effect”, and the discussion is actually the cause
of the increase in students’ performance. All these researchers indicated that interaction is one
out of many factors that could affect collaborative learning (Cortright et al., 2005; Gokhale,
1995; Larsy et al., 2009; Opdecam et al., 2014; Qing et al., 2010, & Quitadamo et al., 2009).
Based on these reviews, it is evident that conclusions regarding IBL are inconclusive, and
more studies to investigate the effect of IBL on students’ critical thinking skills and academic
achievement are needed in order to provide evidence for a clear way to implement IBL.
Table 1 shows a summary of the results for selected studies from the literature.

Table 1
Results for Selected Studies from the Literature
Results for Selected
Studies from the
Literature
Author(s)
Abdelrahee & Asan
(2006)
Campbell, Zhang &
Neilson (2011)
Celikten, Ipekcioglu,
Ertepinar & Geban
(2011)
Cobern, Schuster,
Adams, Applegate
(2010)
Friedel, Irani, Rudd,
Gallo, Eckhardt, &
Ricketts (2008)
Gokhale, 1995

Findings (IBL vs. Traditional)
Discipline
Instructional
Technology

IBL increased critical thinking skills and
performance.
No difference between the two groups.

Physics
IBL increased critical thinking skills and
performance.
Science
No difference between the two groups.
Science
Agriculture
biotechnology
Industrial
Technology

Kazempour (2013)
Ketpichainaron,
Panijpan &
Ruenwongsa (2010)

Science

Kuech (2004)

Physics

Larsy et al. (2009)
Magnussen, Ishida, &
Itano (2000)

Physics

Opdecam et al. (2014)
Schuster (2008)
Qing, Jing & Yan,
2010

Economics
History

Quitadamo, Brahler &
Crouch, 2009

Chemistry+
Math

Direct teaching resulted in higher critical
thinking skills than IBL, but not analysis and
inference.
IBL increased critical thinking. Both methods
are equal regarding factual knowledge, but
collaborative is the way for Critical thinking.
IBL influenced judgment, recognition, and not
deductive skills.
IBL increased critical thinking skills and
performance.

Biotechnology

Nursing

Chemistry

IBL increased critical thinking skills.
IBL increase of performance.
Traditional Learning resulted in higher
thinking skills.
IBL increased the performance
IBL increased higher critical thinking skills.
IBL influenced only Analysis and evaluation,
not deductive reasoning.
IBL Increased critical thinking skills in
Chemistry across all items. No increase in
math.
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CHAPTER 3
METHODOLOGY

Introduction
The purpose of study was to examine the effects of IBL as a student-centered pedagogy
that follows the constructivist principles on students’ overall critical thinking skills, and the five
critical thinking components: (a) analysis, (b) evaluation, (c) inference, (d) deductive reasoning,
and (e) inductive reasoning. Also, the study investigated the effect of the IBL on students’ exam
scores and the students’ perceptions towards the use inquiry-based learning (IBL) to develop
critical thinking skills in a college algebra class. This chapter describes the research design,
research questions, sample selection, data collection procedures, instrumentation, and the data
analysis procedures.

Research Design
The design of this current study was an explanatory mixed methods-design, the
researcher first conducts the quantitative method followed by a qualitative method to follow up
and refine the quantitative data, the two types of data were analyzed separately (Fraenkel,
Wallen, & Hyun, 2012). In explanatory mixed methods-design the two types of data were
analyzed separately; the qualitative data was used to expand upon the results of the quantitative
data. Fraenkel et al. (2012) stated that mixed-methods research provides a complete
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understanding of research problems than does the use of the two method separately. The research
involved gathering and analyzing data to examine whether IBL have an effect on students’ math
achievement score in college algebra, their overall critical thinking skills and its constituent
components a) analysis, b) evaluation, c) inference, d) inductive reasoning, and e) deductive
reasoning. The quantitative data were gathered through a pre-test exam (college algebra
readiness exam) that was given the first day of the experiment and a post-test exam (math
achievement exam) that was given the last day of the experiment. The use of a pre-test and posttest is recommended when the two groups are similar but not too similar where the pre-test
become unnecessary (Facione, 1991). Also, to measure students’ critical thinking skills before
and after the intervention, the California Critical Thinking Test (CCTST) was administered
twice, the first day of the experiment and the last day of the experiment. Additionally, the
qualitative data were collected through online survey using Qualtrics software. An email was
sent to all participants informing them about the survey and inviting them to participate, another
email was sent a week later included an automatically generated link to the electronic survey
inviting participants to complete the survey. The participants were given two- week window to
complete the survey. The survey asked participants for demographic data that included age,
gender, employment status, enrollment status, ethnicity, and GPA. In addition, the survey
included questions about students’ ability to understand, analyze, evaluate, and work with a
group.

Research Questions
The following questions were addressed in the current study:
1.   What effect does inquiry-based learning intervention have on the overall critical

thinking skills of students in a college algebra class?
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2.   What effect does inquiry-based learning intervention have on the critical thinking
skills of analysis, deductive reasoning, evaluation, inductive reasoning, and
inference?
3.   What effect does inquiry-based learning intervention have on the math achievement
score of students in a college algebra class?
4.   What are the students’ perceptions of the effectiveness of the instructional pedagogy?

Procedures
During the first class meeting, the researcher explained the current study in detail to all
potential participants, explaining to them the possible risks. Students who were interested in
participating in the study were asked to turn in a signed consent form. The researcher explained
that all students were required to participate in all activities in the class as part of the college
algebra curriculum, only the data of the students who turned in the consent form would be
included in the study.
It is suggested that when conducting teaching intervention studies in which teachers are
administering the intervention; precautions need to be taken to ensure conformity to the teaching
approach under investigation (Boone, 1988). The instructor had gone through an IBL workshop
in Spring 2013, and has been teaching using IBL for over than two years. The instructor used the
same materials in both classes so there are no demonstrable differences in this regard between
the two groups. Course materials in both sections included the text College Algebra (Rockswold,
Krieger, & Rockswold, 2014), the MyMathLab Software that allows students online access to the
homework problems, and any other handouts. Both sections were assigned the same homework,

and students in both sections used a graphic calculator (e.g., TI 83, TI 84, or TI 84 plus) for
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homework and exams. Topics covered in this course included equations and inequalities,
rectangular coordinates, lines, functions and their graphs, polynomials and rational functions,
and exponential and logarithmic functions. Both sections met twice a week for 100 minutes each
session. Both sections were back to back and met in the same classroom. The IBL section met
9:00-10:40, and the TL (Traditional Lecture) section met 11:00-12:40.

Inquiry-Based Learning Group
The IBL group was divided into six small groups where all members in each group would
collaborate together to solve a given problem. The small groups were formed based on the
descriptive data that was collected in order to ensure that the groups are diverse in terms of
gender, academic ability, age, and year in college. Diversity in groups provides students with the
opportunity to work with people with different strengths and different ways to do a
task (Cortright, Collins, & DiCarlo, 2005; Gokhale, 1995). The group size was four students per
group except one group had only three students to ensure that the group will still be able to
function in case of absences (Cortright et al., 2005; Gokhale, 1995). Also, to ensure that students
feel accountable and have responsibility towards the group, students were asked to prepare for
the discussion before the class, and each member of the group took a leadership role, asking
questions, providing feedback, reflecting on the solutions, and discussing the errors and
unexpected outcomes (Opdecam, Everaert, Keer, & Buysschaert, 2014). The main role of the
instructor was to facilitate, guide students, and ask probing questions that help the group to solve
problems. The instructor spent 30 minutes of the 100-minute class to provide students with an
overview of the topic and demonstrate some examples, and then students were asked to brain

storm for five minutes before they start working together in their groups to solve specific
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problems. The instructor explained to participants the responsibilities of each member in the
group. Each group was required to share their results with the whole class.

Traditional Lecture-Based Learning Group
The traditional learning (TL) group was compared to the inquiry-based learning (IBL)
group. There was no specific treatment for this traditional learning group. The lecture was the
main source for students’ instructions, students did not actively participate in the class; instead,
information was transmitted by the teacher to the students and the students’ primary role was to
copy the notes that the instructor wrote on the whiteboard. Students did not collaborate together
in class to solve problems.

Setting
The current study took place in a medium-sized, Midwestern urban university that is
classified as a Predominantly Black Institution (PBI). It has a total of 4,340 undergraduate
enrollments, 89.4% are considered underrepresented minority. Approximately 84.8% percent of
students receive aid in the form of Pell Grants from the U.S. Federal Government. 29.6% are
male students and 70.4% are female students. Approximately 82.6% of the student population is
African American students, 6.6% are Hispanic, 2.9% are white students, .8% are Asian, and
7.1% are from unknown ethnicity (see Table 2). Only 25% of the students are between
traditional college ages of 18 to 22 years. The average age of students is 28 years old (49.4%).
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Thirty-four percent of students are part-time students. Four percent of students graduate in four
years.
Table 2
Demographic Characteristics of Sample
Characteristic
Gender
Female
Male
Ethnicity
African-American
Hispanic
White
Asian
Other
Enrollment Status
Part-Time
Full-Time

Percent
70.4%
29.6%
82.6%
6.6%
2.9%
0.8%
7.1%
34.8%
65.2%

Sample
The sample was a convenience sample and was not randomly assigned due to the nature
of the educational environment as students self-enroll in classes. The study occurred in the
Spring of 2016 and lasted for 12 weeks. The researcher had access to the sample because she was
the instructor for both sections of college algebra. The two classes met on the same days
(Mondays and Wednesdays), and the same physical classroom, each session was for one hour
and 40 minutes, the two classes were back to back, the IBL class was 9:00 AM to 10:40 AM, and
the TL group was 11:00 AM-12:40 PM. The sample size was based on the maximum capacity of
each class, it was originally 50 students, the experimental group (IBL) had 25 and the
comparison group (TL) had 25. However, two students dropped from the IBL class, and seven

49

students dropped from the TL class due to their inability to afford the online homework software,
which resulted in a sample size of 23 students for the IBL group, and 18 students for the TL
group. Table 3 shows the actual sample in the study reflect the population.
Table 3
Frequency Distribution of Participants Age by Group (N = 41)
IBL Group
TL Group
Combined Groups
Characteristics Frequency Percent Frequency Percent Frequency Percent
Gender
Female
12
52.20
12
66.70
24
58.50
Male
11
47.80
6
33.30
17
41.50
Ethnicity
African18
78.30
14
77.80
32
78.05
American
Hispanic
4
17.40
2
11.10
6
14.63
Caucasian
1
4.30
2
11.10
3
7.31
Asian
0
0.00
0
0.00
0
0.00

Data Collection
Once the approval of the Institutional Review Board was granted (see Appendix A),
students were recruited (see Appendix B) and the students’ signed informed consent forms were
received (see Appendix C), participants in the IBL and the TL groups were asked to complete a
survey that provided the researcher with demographic data (e.g., age, gender, year in college,
employment status, and GPA, see Appendix D). Three data collection instruments were used, a
college algebra readiness pre-test was administered to determine student’s initial knowledge of
algebra before the intervention and a math achievement post-test was administered to measure
student’s academic achievement after the intervention, the California Critical (CCTST) pre-test
and post-test were administered to measure student’s critical thinking skills before and after the
intervention. To find out students’ perceptions of the instructional pedagogy in improving critical
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thinking skills, students were invited to participate in an online survey that was developed using
Qualtrics website. The first page of the website contained informed consent document and
instructions to complete the survey (see Appendix E). Participants provided their consent
electronically. Following the informed consent and the instructions was a general demographic

questions that included age, gender, employment status, enrollment status, ethnicity, and GPA. In
addition to that, the survey included questions that gathered information regarding students’
perspective on the effect of IBL on critical thinking skills. Once the responses had been
submitted, the researcher was able to download the data from the Qualtrics website to be
analyzed. Table 4 shows the time line in this study.
Table 4
Data Collection
Week
Week 1

Procedure
Informed consent form
Demographic survey
College Algebra readiness pre-test.
Critical Thinking pre test
Week2-Week11 Intervention
Week 12
Critical thinking post test
Math achievement test
Online survey (Students’ Perception)

Instrumentation

College Algebra Readiness Test (Pre-test)
The college algebra readiness test was developed by the researcher who is also the
coordinator for the second level of the developmental math courses at the university. The test
contained 25 multiple-choice items that measure students’ pre-knowledge of math basic

operations, equations, inequalities, exponents, polynomials, factoring, roots, radicals, and
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quadratic equations. The test was scored out of one hundred points, students earned 4 points for
each correct item.

Reliability and Validity
The reliability of scores from the college algebra readiness test was assessed using testretest reliability. Twenty- three students from other college algebra section were asked to take
the test twice. The first time was the first day of classes and the second time was one week later.
The Pearson correlation between scores at the two times was computed, r = .997.
The content validity of college algebra readiness test was examined to ensure that the
content of the test matched the objectives. Three faculty member from the math department were
given the test and asked to review it to assess the extent.

Math Achievement Test (Post-test)
The math achievement test was developed by the researcher who is also the coordinator
for the second level of the developmental math courses at the university. The test contained 25
multiple-choice items that measure students’ achievement in college algebra. The test consisted
of questions about linear functions, quadratic functions, nonlinear functions, exponential
functions and logarithmic functions.

Reliability and Validity
The reliability of scores from the math achievement test was assessed using Test-Retest
reliability. Twenty students from other college algebra section were asked to take the test twice.
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The two tests were four days apart. The Pearson correlation between scores at the two times were
computed, r = .998, which is a high correlation.
The content validity of math achievement test was examined to ensure that the content of
the test matches the instructional objectives. Three faculty member from the math department
were given the test to review it to assess the extent.

California Critical Thinking Skills Test
The California Critical Thinking Skills Test (CCTST) was used to assess participants’
critical thinking skills. The CCTST instrument was used in the current study because it was
designed in order to evaluate the critical thinking skills of college undergraduates in the context
of the baccalaureate degree general education (Facione, 1990). The CCTST is designed to permit
test-takers to demonstrate the critical thinking skills required to succeed in educational or
workplace settings where solving problems and making decisions by forming reasoned
judgments are important. The instrument used in the study was the pencil and paper version of
the CCTST. It consists of 34 multiple-choice items and was administered in 50 minutes. The
CCTST reports an overall score on CT cognitive skills, and five sub-scores: (a) analysis, (b)
evaluation, (c) inference, (d) deductive reasoning, and (e) inductive reasoning. The CCTST was
ordered from Insight Assessment.
Both pre-test and post-test assessment answer forms included a test-taker ID to identify
the respective student. This procedure allowed individual comparisons of pre-test and post-test
scores for each participant. The IBL and TL groups each were distinguished by a group indicator
code. The IBL group was assigned a group indicator code of 001, and the TL group was assigned

a group indicator code of 002. All group indicator information was provided to research

53

participants before the assessment began.
After testing was completed, all copies of the test booklets were stored in a locked
cabinet. Photocopies of all answer forms were made before the original forms were mailed to
Insight Assessment for scanning, scoring, and reporting. The answer forms were sent by
registered mail to Insight Assessment, ATTN: CapScore TM Service Department, 1735 N 1st
Street, Suite 306, San Jose, CA 95112-4511 USA.

Reliability and Validity
The CCTST test manual provides information on concurrent validity, content validity,
and internal reliability. In terms of concurrent validity, the CCTST test manual (Facione et al.,
1998) reflects on several studies that revealed a correlation between CCTST and different testing
instruments such as the SAT verbal and math scores, the Nelson- Denny reading test, WatsonGlaser Critical Thinking, and the Graduate Record Examination. According to the CCTST
manual (Facione et al., 1998), content and construct validity for the CCTST was developed from
the outcomes of American Philosophical Association (APA) Delphi Report (Facione, 1994).
Each question in the CCTST was formulated based on a theoretical relationship to the critical
thinking skills and sub-skills defined by the panel of experts in The Delphi Report.
The CCTST reliability was assessed using the Kuder-Richardson 20 reliability test, the internal
consistency reliability was .69 for the pre-test and .68 for the post-test. Even though the
CCTST has a coefficient less than what most large scale tests have (i.e., approximately .80),
according to Facione et al. (1998), this is due to the fact that the CCTST assesses several
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abilities, whereas other tests assess a single ability, therefore, Facione (1991) stated that scores
from the CCTST are internally reliable.

Students’ Perception Online Survey
A link to a self-report anonymous online survey using Qualtrics website was used to find
out students’ perspective of the effectiveness of the instructional pedagogy used in the
classroom. Forty-one students in the two college algebra classes were invited to participate in the
survey. The survey was available for students for two weeks. Thirty students participated in the
survey, of whom 19 students were in the IBL group and 11 students were in the TL group.
A Likert scale was used to measure students’ perception of the effectiveness of the
instructional pedagogy. The Likert scale consisted of 7 items, with item responses ranging from
strongly disagree = 1 to strongly agree = 5. The reliability of the scale scores as assessed by
Cronbach’s alpha was .940, which is acceptable based on Cronbach’s (1988) suggested criterion
of .70 or higher as indicating an acceptable level of reliability. An independent t-test was used to
determine whether there was a statistically significant mean difference between students’
perception of the instructional pedagogy.
Role of the Researcher
In addition to conducting the current study, the researcher has been teaching at the
institution were the study took place for 22 years. She has taught math for elementary teachers,
developmental math and college algebra classes in addition to computer science classes. She is
also the coordinator for the second level of developmental math courses, and in charge of
creating all the assessment for the course. The researcher also is the coordinator for the summer
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bridge program in math. She is in charge of designing the curriculum for the course, creating the
material to be delivered in the class, collect, analyze, and report the data. She also designed and
taught the college algebra online class at the same institution. The researcher was the instructor
for the two college algebra sections that participated in the study, she developed the college
algebra readiness exam (pre-test), the math achievement exam (post-test), and the online
perception survey. The research has great interest in the student centered pedagogies that
encourage students to be active participants in their learning process. Inquiry-based learning is
one of the students centered pedagogies that she chose to investigate in the current research.

Ethical Consideration
The Institutional Review Board (IRB) application was approved through the Northern
Illinois University office of Research Compliance and Integrity Review. The IRB process also
was approved by at the participating university. The research activity did not expose participants
to more than minimal risk.
In the first day of the experiment, all students in both sections were introduced to the
course and to the research study. To participate in the study, students were asked to read a
consent form, sign it and return it to the researcher. To protect students’ confidentiality, no
names were used and all pre-tests and post-tests for the purpose of the study were coded with a
predetermined identification number. Specifically, each student was given a pre-coded card with
a random participant number to be used throughout the study period. All necessary procedures
pertaining to the use of human subjects, as stated in the Collaborative Institutional Training
Initiative and the Institutional Review Board of Northern Illinois University, were followed in
this research study. All participants were informed that participation in this study was voluntary,

and they had the right to withdraw from participating in the study at any time without any
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penalty or prejudice. The data collected for any student who decided to withdraw from
participating in the study was not included in the study.
The researcher was the only individual who had access to the data, and the participants
were assured that their information would remain confidential. The data was stored in the
researcher's personal computer for the purpose of analyzing the data, the computer was protected
by a password, and she was the only one who had access to it. Also, a backup copy of the data
was saved in a flash drive and kept in a safe place only the researcher could access. The data will
be stored for the purpose of the study until the end of Fall 2016.
Data Analysis
The quantitative data were analyzed using SPSS version 23. Descriptive statistics were
computed for both the intervention and comparison groups. Analysis of covariance (ANCOVA)
was carried out to address the research questions. Statistical significance was set at an a priori
level of α = .05
To address the first three research questions and determine the effect of IBL intervention
on students’ critical thinking skills, critical thinking subscales, and math achievement in college
algebra, an analysis of covariance (ANCOVA) was used. ANCOVA is a statistical tool used in
quasi-experimental research when subjects cannot be assigned randomly to control and
experimental groups. ANCOVA provides a way of statistically controlling the effect of variables
that the researcher does not want to examine in the study. It adjusts error variance, remove
differences that exist pre-intervention, and provides a less biased estimate of instructional
pedagogy effects on the dependent variable (Field, 2012). The dependent variable in research

question one was the overall critical thinking post-test, the independent variable was the
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instructional pedagogy (IBL vs. TL), and the covariate was the overall critical thinking pre-test.
The dependent variable in research question two was the critical thinking sub-scales post-tests
(analysis, inference, evaluation, inductive reasoning, deductive reasoning), the independent
variable was the instructional pedagogy (IBL vs. TL), and the covariate was the critical thinking
subscales pre-tests (analysis, inference, evaluation, inductive reasoning, deductive reasoning).
The dependent variable in research question three was the math achievement test, the
independent variable was the instructional pedagogy (IBL vs. TL), and the covariate was the
college algebra readiness pre-test. The effect size eta squared (η 2) was calculated to determine
the magnitude of the effect. The statistical assumptions of normality, homogeneity of variance,
and homogeneity of covariance was inspected and addressed. To answer the fourth research
question, students’ responses to the online survey were analyzed and presented.

Internal Validity
In terms of the threats to internal validity, there were three primary potential threats in the
study. The first threat was the diffusion of treatment effect, “Participants in the control and
experimental groups communicate with each other. This communication can influence how both
groups score on the outcome” (Cresswell, 2013, p. 175). However, this can be controlled by not
informing the groups about each other. The second threat was testing effect, “Participants
become familiar with the outcome measure and remember responses for later use” (Cresswell,
2013, p. 175). The researcher controlled this threat by administering different exams before the
intervention and after the intervention. The third threat was the instrumentation threat;” The
instrumentation changes between a pre-test and post-test, thus impacting the scores of the

outcome” (Cresswell, 2013, p. 175). The researcher controlled this threat by using the same
instrument for the pre-and post-test eight weeks apart. Another potential threat to internal
validity is the professors teaching style (IBL versus traditional).
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CHAPTER 4
RESULTS
Introduction
The present study examined the effects of inquiry-based learning on students’ math
achievement score in college algebra, overall critical thinking skills and subscale scores
pertaining to (a) analysis, (b) evaluation, (c) inference, (d) deductive reasoning, and (e) inductive
reasoning. The sample consisted of students who were enrolled in the two sections of college
algebra classes that are assigned to the researcher. The study took place in a mid-sized, urban
university classified as a Predominantly Black Institution (PBI).
The current study was conducted during Spring 2016 semester, and the data were
collected over 12 weeks. Two groups participated in the study. One group was taught utilizing an
inquiry- based learning (IBL) and the other group was taught using traditional learning (TL). The
researcher administered a college algebra readiness test and the California Critical Thinking
Skills Test (CCTST) on the first day of class for both sections to obtain baseline data of all
participants’ initial knowledge of college algebra and their critical thinking skills. The math
achievement post-test and the CCTST post-test were administered to both groups in the 12th
week. Demographic data for both groups were collected, these data included age range, gender,
employment status, student enrollment status, year in college, ethnicity, and GPA. An analysis of
covariance (ANCOVA) was used to determine the effect of inquiry-based learning intervention
on students’ math academic achievement in college algebra and on their critical thinking skills

including the sub-scales (analysis, inference, evaluation, inductive, and deductive reasoning).
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The findings for this current study begin with a summary of the demographic data collected from
the participants through a self-report survey followed by an overview of the descriptive statistics
and the results from the ANCOVAs.
Description of the Sample
The current study included 41 participants, of whom 23 students were in the IBL group
and 18 students were in the TL group. Participants ranged in age from 18 to 59 years old in the
IBL group and from 18 to 49 years in the TL group. In both the IBL and TL groups, the age
group with the strongest representation was under 21 years old (43.48% and 50.00%,
respectively). The age group with the smallest representation in IBL class was 40-49 and 50-59
years old (4.35% each). The age group with smallest representation in the TL class was 40-49
years old (11.11%) (See Table 5)
Table 5
Frequency Distribution of Participants Age by Group (N=41)

Age Range in years
18-20
21-29
30-39
40-49
50-59
Total

IBL Group
TL Group
Combined Groups
Frequency Percent Frequency Percent Frequency Percent
10
43.48
9
50.00
19
46.34
9
39.13
7
38.89
16
39.02
2
8.70
0
0.00
2
4.88
1
4.35
2
11.11
3
7.32
1
4.35
0
0.00
1
2.44
23
100.00%
18
100.00%
41
100.00%

The IBL group consisted of N = 12 (52.17%) female and N = 11 (47.82%) males. The TL
group included N = 12 (66.67%) females and N = 6 (33.33%) males (see Table 6). Additionally,
the IBL group included N = 21(91.30%) full-time students and N = 2 (8.60%) part-time students,
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and the TL group had N = 16 (88.89%) full-time students and N = 2 (11.11%) part-time students
(see Table 7).
Table 6
Participants Gender by Group (N = 41)

Gender
Female
Male
Totals

IBL Group
Frequency Percent
12
52.17
11
47.82
23
100.00%

TL Group
Frequency Percent
12
66.67
6
33.33
18
100.00%

Combined Groups
Frequency Percent
24
58.54
17
41.46
41
100.00%

Table 7
Participant’s Enrollment in College by Group (N = 41)
IBL Group
Student status Frequency Percent
Part-time
2
8.70
Full-time
21
91.30
Totals
23
100.00%

TL Group
Combined Groups
Frequency Percent
Frequency Percent
2
11.11
4
9.76
16
88.89
37
90.24
18
100.00%
41
100.00%

The IBL group was N = 18 (78.26%) Black/African American, N = 4 (17.39%) Hispanic
Latino, and N = 1 (4.35%) White. The TL group comprised of N = 14 (77.78%) Black/African
American, N = 2 (11.11%) Hispanic Latino, N = 2 (11.11%) Caucasian students (see Table 8).
Table 8
Participants’ Ethnicity by Group (N = 41)

Ethnicity
AfricanAmerican
Hispanic
Caucasian
Asian
Totals

IBL Group
TL Group
Frequency Percent Frequency Percent
18
78.26
14
77.78
4
1
0
23

17.39
4.30
0.00
100.0%

2
2
0
18

11.11
11.11
0.00
100.0%

Combined Groups
Frequency Percent
32
78.05
6
3
0
41

14.63
7.31
0.00
100.0%

The IBL group consisted of N = 2 (8.70%) students who had full time job, N = 12
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(52.17%) had a part time job, and N = 9 (39.13%) were not employed. The TL group consisted of
N = 13 (72.22%) students who had part time job, N = 5 (27.78%) were not employed, none of the
students had a full time job (see Table 9).
Table 9
Participants’ Employment Status by Groups (N=41)

Employment status
Full time
Part time
Not employed
Totals

IBL Group
TL Group
Combined Groups
Frequency Percent Frequency Percent Frequency Percent
2
8.70
0
0.00
2
4.88
12
52.17
13
72.22
25
60.98
9
39.13
5
27.78
14
34.15
23
100.00%
18
100.00%
41
100.00%

The IBL group consisted of N = 7 (30.43%) freshman, N = 9 (39.13%) sophomores, N=6
(26.09%) juniors, and N = 1(4.35%) seniors. The TL group had N = 5 (27.78%) who were
freshman, N = 9 (50.00%) sophomores, N = 1 (5.56%) juniors, N=2 (11.11%) seniors, and N = 1
(5.56%) who were graduate students (see Table 10).
Table 10
Participants’ Year in College by Group (N = 41)
Year in college
Freshman
Sophomore
Junior
Senior
Graduate
Totals

IBL Group
TL Group
Combined Groups
Frequency Percent Frequency Percent Frequency Percent
7
30.43
5
27.78
12
29.27
9
39.13
9
50.00
18
43.90
6
26.09
1
5.56
7
17.07
1
4.35
2
11.11
3
7.32
0
0.00
1
5.56
1
2.44
23
100.00%
18
100.00%
41
100.00%

The IBL group had N = 2 (8.70%) of students with a GPA less than 2.00, N = 5
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(21.74%) with 2.00 ≤ GPA < 2.50, N = 2 (8.70%) with 2.50 ≤ GPA < 3.00, N = 11 (47.83%)
with 3 ≤ GPA < 3.5, and N = 3 (13.04%) with 3.5 ≤ GPA ≤ 4.00. The TL group had N = 0
(0.00%) of students with a GPA less than 2.00, N = 4 (22.22%) of students with 2.00 ≤ GPA <
2.50, N = 9 (50.00%) with 2.50 ≤ GPA < 3.00, N = 3 (16.70%) with 3.00 ≤ GPA < 3.50, N = 2
(11.11%) with 3.5 ≤ GPA ≤ 4.00 (see Table 11).
Table 11
Participants’ College GPA by Group (N = 41)

GPA category
GPA <2.00
2.00≤ GPA <2.50
2.50≤ GPA <3.00
3.00≤ GPA <3.50
3.50 ≤ GPA≤4.00
Totals

IBL Group
TL Group
Combined Groups
Frequency Percent Frequency Percent Frequency Percent
2
8.70%
0
0.00%
2
4.88%
5
21.74%
4
22.22%
9
21.95%
2
8.70%
9
50.00%
11
26.83%
11
47.83%
3
16.67%
14
34.15%
3
13.04%
2
11.11%
5
12.20%
23
100.00%
18
100.00%
41
100.00%

Research Question 1
The first question sought to examine whether inquiry based learning had an effect on
students’ overall critical thinking score. The researcher expected that exam scores elicited by the
intervention would depend on the participant’s initial critical thinking skills. As such, the
researcher used pre-intervention critical thinking pre-test as a covariate when comparing the post
intervention overall critical thinking skills between the IBL group and the TL group.
What effect does inquiry-based learning intervention have on the overall critical thinking
skills of students in a college algebra class?
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H0: There are no differences in overall critical thinking scores by instructional pedagogy
(inquiry based learning vs. traditional learning) after controlling for critical thinking pre-test
scores.
Ha: There are differences in overall critical thinking scores by instructional pedagogy
(inquiry based learning vs. traditional learning) after controlling for critical thinking pre-test
scores.

Table 12 summarizes the descriptive statistics for the dependent variable (overall critical
thinking post-test) in the study. Figure 1 provides a boxplot of overall critical thinking scores,
which indicates a single outlier in the IBL group (case ID 12). Due to the small sample, the
researcher decided to retain the outlier and change it to the next highest score plus one unit,
which resulted in value of 20 (see Figure 2). A Shapiro-Wilk's test was conducted on the model
residuals, and results indicated that the residuals did not deviate from a normal distribution (p =
.37), with minimal skewness (0.33) and kurtosis (0.35, see Figure 3). Next, the homogeneity of
regressions slopes was conducted by assessing whether the interaction between the covariate
(critical thinking pre-test) and the independent variable (instructional pedagogy) was statistically
significant. The test revealed that the interaction term was not statistically significant, F(1,35) =
0.004, p = .95, with a small effect size (η2 < .001, see Figure 4). Therefore, the homogeneity of
regressions slopes assumption was met. The results of Levene's test were not significant, F(1, 37)
= 3.80, p = .06, indicating that the assumption of homogeneity of variance was met.
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Table 12
Descriptive Statistics for Critical Thinking Post-test Scores
Overall Critical Thinking
Skills
IBL Group
TL Group

n
23
16

Minimum Maximum
7
8

20
18

SD

Mean

3.73
3.03

11.87
13.44

Figure 1. A boxplot of overall critical thinking post-test scores, IBL = Inquiry-based learning,
TL = Traditional learning.
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Figure 2. A boxplot of overall critical thinking post-test scores after the outlier in the IBL group
was transformed. IBL = Inquiry-based learning, TL = Traditional learning.

Figure 3. Histogram of ANCOVA residuals for group differences in overall critical thinking
post-test scores.
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Figure 4. Scatterplot of the regression slopes for the IBL and the TL group. IBL = Inquiry-based
learning. TL = Traditional learning.
The assumption of linearity was conducted to test the linear relationship between the
covariate (critical thinking pre-test) and the dependent variable (critical thinking post-test). There
is a linear relationship between the critical thinking pre-test and the critical thinking post-test
scores for each instructional pedagogy type as assessed by visual inspection of a scatterplot (see
Figure 5).
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Figure 5. Scatterplot of critical thinking post-test (dependent variable) on the pre-test scores
(covariate).
ANCOVA results revealed that the main effect of the instructional pedagogy was not
statistically significant, F(1,36) = 0.16, p = .69, η2 = .004. The IBL group and the TL group did
not differ significantly in mean critical thinking post-test when controlling for pre-intervention
critical thinking post-test. Table 13 shows the adjusted means and Table 14 summarizes the
ANCOVA findings for research question one.
Table 13
Adjusted means for the Overall Critical Thinking Post-test Scores

Overall Critical Thinking
skills
IBL Group
TL Group

n
23
16

Adjusted
Mean
12.37
12.72

Std.
Error
0.55
0.67

95% Confidence Interval
Lower
Upper
Bound
Bound
11.25
13.49
2.68
14.07

69
Table 14
ANCOVA Analysis Showing Effects of CCTST Pre-test and Instructional Pedagogy on Post-test
CCTST

Source
Overall Critical
Thinking pretest
Instructional
Pedagogy
Error
Total

Type III
Sum of
Squares
199.12

df
1

Mean
Square
199.12

F
29.21

p
.00

Eta Squared
.44

1.11

1

1.11

0.16

.69

.004

245.43
467.74

36
38

6.82

Research Question 2
The second question sought to examine whether inquiry based learning had an effect on
students’ critical thinking sub-scale scores (analysis, inference, evaluation, inductive reasoning,
deductive reasoning).
What effect does inquiry-based learning intervention have on the critical thinking skills
of analysis, deductive reasoning, evaluation, inductive reasoning, and inference?

Analysis Skills
The first part of the question sought to find out whether instructional pedagogy (inquirybased learning vs. traditional learning) has an effect on the analysis skills. The researcher used
pre-intervention analysis score as a covariate when comparing the post intervention analysis
skills between the IBL group and the TL group.
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H0: There are no differences in analysis skills score by instructional pedagogy (inquiry
based learning vs. traditional learning) after controlling for analysis pre-test scores.
Ha: There are differences in analysis skills score by instructional pedagogy (inquiry
based learning vs. traditional learning) after controlling for analysis pre-test scores.

Table 15 summarizes the descriptive statistics for the dependent variable (analysis posttest) in the study. Figure 6 provides a boxplot of this variable, which indicates four outliers in the
IBL group (case ID 8, 12, 16, 19). Due to the small sample, the researcher decided to retain the
outliers and change the values for case IDs 8, 12, 16 to the next highest score for which resulted
in value of 4 for each one of them, and to the next lowest score for case ID 19, which resulted in
value of 1 (see Figure 7). A Shapiro-Wilk's test was conducted on the model residuals, and
results indicated that the residuals did not deviate significantly from normality (p = .68), with
minimal negative skewness (-0.68) and kurtosis (-0.65, see Figure 8). Next, the homogeneity of
regressions slopes was conducted by assessing whether the interaction between the covariate
(analysis pre-test) and the independent variable (instructional pedagogy) was statistically
significant. The test revealed that the interaction term was not statistically significant, F(1,35) =
1.84, p = .18, with a small effect size (η2 = .05, see Figure 9). Therefore, the homogeneity of
regressions slopes assumption was met. The results of Levene's test were not significant, F(1, 37)
= .376, p = .54, indicating that the assumption of homogeneity of variance was met.
Table 15
Descriptive Statistics for Analysis Post-Test Scores
Analysis skills
IBL Group
TL Group

n
23
16

Minimum Maximum
1
4
1
5

SD
0.86
1.02

Mean
2.74
3.13
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Figure 6. A boxplot of analysis post-test scores, 1 = Inquiry-based learning, 2 = Traditional
learning.

Figure 7. A boxplot of the dependent variable after the outlier in the IBL group was changed.
IBL = Inquiry-based learning, TL = Traditional learning.
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Figure 8. Histogram of ANCOVA residuals for group differences in analysis post-test scores.

Figure 9. Scatterplot of the regression slopes for the IBL and the TL group. IBL = Inquiry-based
learning. TL = Traditional learning.

The assumption of linearity was conducted to test the linear relationship between the
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covariate (analysis pre-test) and the dependent variable (analysis post-test). There is a linear
relationship between the analysis pre-test and the analysis post-test scores for each instructional
pedagogy type as assessed by visual inspection of a scatterplot (see Figure 10).

Figure 10. Scatterplot of the analysis post-test (dependent variable) on the pre-test scores
(covariate).
ANCOVA results revealed that the main effect of the instructional pedagogy was not
statistically significant, F(1,36) = 1.60, p = .21, η2 = .04. The IBL group and the TL group did
not differ significantly in mean analysis post-test when controlling for pre-intervention analysis
scores. Table 16 provides the adjusted means and Table 17 summarizes the statistical findings
for the ANCOVA of the analysis sub-scale scores.

74

Table 16
Adjusted means for Analysis Post-Test Scores

Analysis skills
IBL Group
TL Group

Adjusted
Means
2.76
3.10

n
23
16

Std.
Error
0.17
0.21

95% Confidence Interval
Lower
Upper
Bound
Bound
2.41
3.11
2.68
3.52

Table 17
ANCOVA Showing Effects of Instructional Pedagogy on Post-test Analysis

Source
Analysis pretest
Instructional
Pedagogy
Error
Total

Type III
Sum of
Squares
7.67

df
1

Mean
Square
7.67

F
11.27

p
.002

Eta Squared
.24

1.09

1

1.09

1.60

.210

.04

24.51
361

36
39

0.68

Inference Skills
The second part of the question sought to find out whether instructional pedagogy
(inquiry-based learning vs. traditional learning) has an effect on the inference skills. The
researcher used pre-intervention inference score as a covariate when comparing the post
intervention inference skills between the IBL group and the TL group.
H0: There are no differences in inference skills score by instructional pedagogy (inquirybased learning vs. traditional learning) after controlling for inference scores.
Ha: There are differences in inference skills score by instructional pedagogy (inquirybased learning vs. traditional learning) after controlling for inference scores.
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Table 18 summarizes the descriptive statistics for the dependent variable (inference posttest) in the study. Figure 11 provides a boxplot of this variable, which indicates a single outlier

(case ID 12). Due to the small sample, the researcher decided to retain the outlier and change the
value for case ID 12 to the next highest score plus one unit for which resulted in value of 10 (see
Figure 12). Shapiro-Wilk's test was conducted on the model residuals, and results indicated that
the residuals did not deviate significantly from normality (p = .83), with minimal skewness
(0.17) and kurtosis (0.12, see Figure 13). Next, the homogeneity of regressions slopes was
conducted by assessing whether the interaction between the covariate (inference pre-test) and the
independent variable (instructional pedagogy) was statistically significant. The test revealed that
the interaction term was not statistically significant, F(1,35) = 1.42, p = .24, with a small effect
size (η2 = .04, see Figure 14). Therefore, the homogeneity of regressions slopes assumption was
met. The results of Levene's test were not significant, F(1, 37) = .711, p = .40, indicating that the
assumption of homogeneity of variance was met.
Table 18
Descriptive Statistics for Inference Post-Test Scores
Inference Skills
IBL Group
TL Group

n
23
16

Minimum Maximum
2
10
4
10

SD
1.98
1.94

Mean
6.13
7.19
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Figure 11. A boxplot of inference post-test scores, IBL = Inquiry-based learning, TL =
Traditional learning.

Figure 12. A boxplot of inference post-test scores after changing the outlier value, IBL =
Inquiry-based learning, TL = Traditional learning.
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Figure 13. Histogram of ANCOVA residuals for group differences in inference post-test scores.

Figure 14. Scatterplot of the regression slopes for the IBL and the TL group. IBL = Inquirybased learning. TL = Traditional learning.
The assumption of linearity was conducted to test the linear relationship between the
covariate (inference pre-test) and the dependent variable (inference post-test). There is a linear

relationship between the inference pre-test and the inference post-test scores for each
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instructional pedagogy type as assessed by visual inspection of a scatterplot (see Figure 15).

Figure 15. Scatterplot of the inference post-test (dependent variable) on the pre-test scores
(covariate).

ANCOVA results revealed that the main effect of the instructional pedagogy was not
statistically significant, F(1,36) = 0.63, p = .43, η2 = .02. The IBL group and the TL group did
not differ significantly in mean inference post-test when controlling for the inference pre-test.
Table 19 provides the adjusted means and Table 20 summarizes the ANCOVA findings for the
inference sub-scale.
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Table 19
Adjusted Means for Inference Post-test Scores

Inference skills
IBL Group
TL Group

Adjusted
Means
6.33
6.68

n
23
16

Std.
Error
0.35
0.43

95% Confidence Interval
Lower
Bound
Upper Bound
5.62
7.04
5.80
7.56

Table 20
ANCOVA Showing Effects of Instructional Pedagogy on Post-Test Inference

Source
Interference
pre-test
Instructional
Pedagogy
Error
Total

Type III
Sum of
Squares
46.31

df
1

Mean
Square
46.31

F
17.23

p
<.001

Eta Squared
.32

1.71

1

1.71

0.64

.431

.02

96.74
1834.00

36
39

2.69

Evaluation Skills
The third part of the question sought to find out whether instructional pedagogy (inquirybased learning vs. traditional learning) has an effect on the evaluation skills. The researcher used
pre-intervention evaluation score as a covariate when comparing the post intervention evaluation
skills between the IBL group and the TL group.
H0: There are no differences in evaluation skills score by instructional pedagogy (inquirybased learning vs. traditional learning) after controlling for evaluation scores.
Ha: There are differences in evaluation skills score by instructional pedagogy (inquirybased learning vs. traditional learning) after controlling for evaluation scores.

Table 21 summarizes the descriptive statistics for the dependent variable (evaluation
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post-test) in the study. Figure 16 provides a boxplot of this variable, which indicates there are no
outliers. Shapiro-Wilk's test was conducted on the model residuals, and results indicated that the
residuals did not deviate significantly from normality (p = .08), with minimal skewness (0.99)
and kurtosis (1.84, see Figure 17). Next, the homogeneity of regressions slopes was conducted
by assessing whether the interaction between the covariate (evaluation pre-test) and the
independent variable (instructional pedagogy) was statistically significant. The test revealed that
the interaction term was statistically significant, F(1,35) = 5.58, p = .02, with a medium effect
size (η2 = .14, see Figure 18). Therefore, the homogeneity of regressions slopes assumption has
not been met. The results of Levene's test were not statistically significant, F(1, 37) = 2.40, p =
.13, indicating that the assumption of homogeneity of variance was met.
Table 21
Descriptive Statistics for Evaluation Post-Test Scores
Evaluation Skills
IBL Group
TL Group

n
23
16

Minimum Maximum
0
7
1
7

SD
1.73
1.50

Mean
2.91
3.13
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Figure 16. A boxplot of evaluation post-test scores, IBL = Inquiry-based learning, TL =
Traditional learning.

Figure 17. Histogram of ANCOVA residuals for group differences in evaluation post-test scores.
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Figure 18. Scatterplot of the regression slopes for the IBL and the TL group. IBL = Inquirybased learning. TL = Traditional learning.
The assumption of linearity was conducted to test the linear relationship between the
covariate (evaluation pre-test) and the dependent variable (evaluation post-test). There is a linear
relationship between the evaluation pre-test and the evaluation post-test scores for each
instructional pedagogy type as assessed by visual inspection of a scatterplot (see Figure 19).
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Figure 19. Scatterplot of the evaluation post-test (dependent variable) on the pre-test scores
(covariate).
ANCOVA results revealed that the main effect of the instructional pedagogy was not
statistically significant, F(1,36) = .08, p = .78, η2 = .002. The IBL group and the TL group did
not differ significantly in mean evaluation post-test when controlling for evaluation pre-test.
Table 22 provides the adjusted means and Table 23 summarizes the ANCOVA findings for the
evaluation sub-scale scores.
Table 22
Adjusted Means for Evaluation Post-Test Scores

Evaluation skills
IBL Group
TL Group

n
23
16

Adjusted
Means
2.94
3.09

Std.
Error
0.33
0.39

95% Confidence Interval
Lower
Upper
Bound
Bound
2.28
3.60
2.29
3.88

84

Table 23
ANCOVA Showing Effects of Instructional Pedagogy on Post-test Evaluation

Source
Evaluation pretest
Instructional
Pedagogy
Error
Total

Type III
Sum of
Squares
11.44

df
1

Mean
Square
11.44

F
4.68

p
.04

Eta Squared
.12

0.20

1

0.20

0.08

.78

.002

88.14
451.00

36
39

2.44

The homogeneity of regressions slopes is an assumption required to run ANCOVA. Due
to the violation of the homogeneity of regressions slopes assumption, and to validate ANCOVA
results, Conover (1999) suggests a non-parametric alternative of carrying out ANCOVA on a
rank transformation of the dependent variable. If the results of the two analysis were parallel to
each other, it is an indication that the results of the original ANCOVA (prior to transformation)
analysis are valid.
Therefore, ANCOVA was carried out using the ranked dependent variable and covariate.
Results showed no statistically significant difference between the IBL group and the TL group F
(1,38) =0.07, p =.80, which paralleled the results obtained from the ANCOVA carried out on the
original scores.

Inductive Reasoning Skills
The fourth part of the question sought to find out whether instructional pedagogy
(inquiry-based learning vs. traditional learning) have an effect on the inductive reasoning skills.
The researcher used pre-intervention inductive reasoning score as a covariate when comparing
the post intervention inductive reasoning skills between the IBL group and the TL group.
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H0: There are no differences in inductive reasoning skills score by instructional pedagogy
(inquiry-based learning vs. traditional learning) after controlling for inductive reasoning scores.
Ha: There are differences in overall inductive reasoning skills score by instructional
pedagogy (inquiry-based learning vs. traditional learning) after controlling for inductive
reasoning scores.
Table 24 summarizes the descriptive statistics for the dependent variable (inductive
reasoning post-test) in the study. Figure 20 provides a boxplot of this variable, which indicates a
single outlier (Case ID 12). Further inspection of the data revealed the outlier is not extreme. The
researcher decided to keep it. Shapiro-Wilk's test was conducted on the model residuals, and
results indicated that the residuals did not deviate significantly from normality (p = .40), with

minimal skewness (-0.87) and kurtosis (.45, see Figure 21). Next, the homogeneity of regressions
slopes was conducted by assessing whether the interaction between the covariate (inductive
reasoning pre-test) and the independent variable (instructional pedagogy) was statistically
significant. The test revealed that the interaction term was not statistically significant, F(1,35) =
.73, p = .40, with a small effect size (η2 = .02, see Figure 22). Therefore, the homogeneity of
regressions slopes assumption was met. The variance ratio is 1.40, indicating that the assumption
of homogeneity of variance was met.
Table 24
Descriptive Statistics for Inductive Reasoning Post-Test Scores
Inductive reasoning Skills
IBL Group
TL Group

n
23
16

Minimum Maximum
3
14
3
10

SD
3.00
2.14

Mean
7.17
6.94
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Figure 20. A boxplot of inductive reasoning post-test scores, IBL = Inquiry-based learning, TL =
Traditional learning.

Figure 21. Histogram of ANCOVA residuals for group differences in inductive reasoning post
test scores.
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Figure 22. Scatterplot of the regression slopes for the IBL and the TL group. IBL = Inquirybased learning. TL = Traditional learning.
The assumption of linearity was conducted to test the linear relationship between the
covariate (inductive reasoning pre-test) and the dependent variable (inductive reasoning posttest). There is a linear relationship between the inductive reasoning pre-test and the inductive
reasoning post-test scores for each instructional pedagogy type as assessed by visual inspection
of a scatterplot (see Figure 23).

88

Figure 23. Scatterplot of the inductive reasoning post-test (dependent variable) on the pre-test
scores (covariate).
ANCOVA results revealed that the main effect of the instructional pedagogy was not
statistically significant, F(1,36) = 0.13, p = .72, η2 = .004. The IBL group and the TL group did
not differ significantly in mean inductive reasoning post-test when controlling for the inductive
reasoning post-test. Table 25 provides the adjusted means and Table 26 summarizes the
ANCOVA findings for the inductive reasoning scores.
Table 25
Adjusted Means for Inductive Reasoning Post-test Scores

Inductive Reasoning
skills
IBL Group
TL Group

n
23
16

Adjusted
Means
7.19
6.92

Std.
Error
0.45
0.58

95% Confidence
Interval
Lower
Upper
Bound
Bound
6.20
8.17
5.74
8.10
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Table 26
ANCOVA Showing Effects of Instructional Pedagogy on Post-test Inductive Reasoning

Source
Inductive
reasoning pretest
Instructional
Pedagogy
Error
Total

Type III
Sum of
Squares
73.11

df
1

Mean
Square
73.11

F
13.49

p
.001

Eta
Squared
.27

0.70

1

0.70

0.13

.720

.004

195.13
2222.00

36
39

5.42

Deductive Reasoning Skills
The fifth part of the question sought to find out whether instructional pedagogy (inquirybased learning vs. traditional learning) have an effect on the deductive reasoning skills. The
researcher used pre-intervention deductive reasoning score as a covariate when comparing the
post intervention deductive reasoning skills between the IBL group and the TL group.
H0: There are no differences in deductive reasoning skills score by instructional
pedagogy (inquiry-based learning vs. traditional learning) after controlling for deductive
reasoning scores.
Ha: There are differences in overall deductive reasoning skills score by instructional
pedagogy (inquiry-based learning vs. traditional learning) after controlling for deductive
reasoning scores.
Table 27 summarizes the descriptive statistics for the dependent variable (deductive
reasoning post-test) in the study. Figure 24 provides a boxplot of this variable, which indicates
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no outliers. The researcher decided to keep it. Shapiro-Wilk's test was conducted on the model
residuals, and results indicated that the residuals did not deviate significantly from normality
(p = .18), with skewness (1.57) and kurtosis (-0.11, see Figure 25). Next, the homogeneity of
regressions slopes was conducted by assessing whether the interaction between the covariate
(deductive reasoning pre-test) and the independent variable (instructional pedagogy) was
statistically significant. The test revealed that the interaction term was not statistically

significant, F(1,35) = 0.05, p = .83, with a small effect size (η2 = .001, see Figure 26). Therefore,
the homogeneity of regressions slopes assumption has been met. The results of Levene's test
were not significant, F(1, 37) = 0.31, p = .58, indicating that the assumption of homogeneity of
variance was met.
Table 27
Descriptive Statistics for Deductive Reasoning Post-Test Scores
Deductive reasoning
reasoning Skills
n
Minimum Maximum
SD
Mean
IBL Group
23
2
9
1.76
4.78
TL Group
16
4
10
1.63
6.50

Figure 24. A boxplot of deductive reasoning post-test scores, IBL = Inquiry-based learning, TL =
Traditional learning.
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Figure 25. Histogram of ANCOVA residuals for group differences in deductive reasoning
reasoning post-test scores.

Figure 26. Scatterplot of the regression slopes for the IBL and the TL group. IBL = Inquiry based
learning. TL = Traditional learning.
The assumption of linearity was conducted to test the linear relationship between the
covariate (deductive reasoning pre-test) and the dependent variable (deductive reasoning posttest). There is a linear relationship between the deductive reasoning pre-test and the deductive
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reasoning post-test scores for each instructional pedagogy type as assessed by visual inspection
of a scatterplot (see Figure 27).

Figure 27. Scatterplot of the deductive reasoning post-test (dependent variable) on the pre-test
(covariate).
ANCOVA results revealed that the main effect of the instructional pedagogy was not
statistically significant, F (1,36) = 3.67, p = .06, η2 = .09. The IBL group and the TL group did
not differ significantly in mean deductive reasoning post-test when controlling for the deductive
reasoning pre-test. Table 28 provides the adjusted means, and Table 29 summarizes the
ANCOVA findings for the deductive reasoning scores.
Table 28
Adjusted Means for Deductive Reasoning Post-Test Scores

Deductive reasoning skills
IBL Group
TL Group

n
23
16

Adjusted
Means
2.94
3.09

Std.
Error
0.33
0.39

95% Confidence Interval
Lower
Upper
Bound
Bound
2.28
3.60
2.29
3.88
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Table 29
ANCOVA Showing Effects of Instructional Pedagogy on Post-Test Deductive Reasoning

Source
Deductive
reasoning pretest
Instructional
Pedagogy
Error
Total

Type III
Sum of
Squares
52.97

df
1

Mean
Square
52.97

F
34.70

P
<.001

Eta Squared
.49

5.60

1

5.60

3.67

.063

.09

54.95
1310.00

36
39

1.53

Research Question 3
The third question sought to examine whether inquiry-based learning had an effect on
students’ math achievement in college algebra. The researcher expected that exam scores elicited
by the intervention would depend on the participant’s initial knowledge of algebra. As such, the
researcher used pre-intervention college algebra readiness pre-test as a covariate when
comparing the post intervention math achievement between the IBL group and the TL group.
What effect does inquiry-based learning intervention have on the math achievement score
of students in a college algebra class?
H0: There are no differences in math achievement score by instructional pedagogy
(inquiry-based learning vs. traditional learning) after controlling for college algebra readiness
pre-test scores.
Ha: There are differences in math achievement score by instructional pedagogy (inquirybased learning vs. traditional learning) after controlling for college algebra readiness pre-test
scores.

Table 30 summarizes the descriptive statistics for the dependent variable (math
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achievement post-test) in the study. Figure 28 provides a boxplot of this variable, which indicates
no outliers. Shapiro-Wilk's test was conducted on the model residuals, and results indicated that
the residuals deviated significantly from normality (p = .043), with negative skewness (-2.20)
and kurtosis (3.72, see Figure 29). Next, the homogeneity of regressions slopes was conducted
by assessing whether the interaction between the covariate (college algebra readiness pre-test)
and the independent variable (instructional pedagogy) was statistically significant. The test
revealed that the interaction term was not statistically significant, F(1,35) = 3.45, p = .07, with a
small effect size (η2 = .09, see Figure 30). Therefore, the homogeneity of regressions slopes
assumption was met. The results of Levene's test were not significant, F(1, 37) = .06, p = .81,
indicating that the assumption of homogeneity of variance was met.
Table 30
Descriptive Statistics for Math Achievement Post-Test Scores
Math achievement post-test
IBL Group
TL Group

n
23
18

Minimum Maximum
52
100
44
84

SD
11.49
12.76

Mean
78.26
63.11
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Figure 28. A boxplot of math achievement post-test scores, IBL = Inquiry-based learning, TL =
Traditional learning.

Figure 29. Histogram of ANCOVA residuals for group differences in math achievement post-test
scores.

96

Figure 30. Scatterplot of the regression slopes for the IBL and the TL group. IBL =Inquiry-based
learning. TL = Traditional learning.
The assumption of linearity was conducted to test the linear relationship between the
covariate (college algebra readiness pre-test) and the dependent variable (math achievement
post-test). There is a linear relationship between the college algebra readiness pre-test and the
math achievement post-test scores for each instructional pedagogy type as assessed by visual
inspection of a scatterplot (see Figure 30).
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Figure 30. Scatterplot of the math achievement post-test (dependent variable) on the college
algebra readiness pre-test scores (covariate).
ANCOVA results revealed that the main effect of the instructional pedagogy was
statistically significant, F (1,38) = 20.70, p < .001, with a large effect size (η2 = .35). There was
statistically significant difference between the IBL group and the TL group in mean math
achievement post-test in favor of the IBL group when controlling for the college algebra
readiness pre-test. Table 31 provides the adjusted means, and Table 32 summarizes the
ANCOVA findings for the math achievement post-test.
Table 31
Adjusted Means for Math Achievement Post-test Scores

Math Achievement Post-test
IBL Group
TL Group

n
23
18

Adjusted
Means
77.55
64.02

Std.
Error
1.96
2.22

95% Confidence Interval
Lower
Upper
Bound
Bound
73.57
81.52
59.53
68.52
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Table 32

ANCOVA Math Achievement Showing Effects of College Algebra Readiness Pre-test and
Instructional Pedagogy on Math Achievement Post-test

Source
Math Achievement
Post-test
Instructional
Pedagogy
Error
Total

Type III
Sum of
Squares
2323.12

df
1

Mean
Square
2323.12

F
34.70

p
<.001

Eta Squared
.41

1826.71

1

1826.71

3.67

<.001

.35

3353.09
218240.00

38
41

88.24

The normality of the residuals is an assumption required to run ANCOVA. Due to the
violation of the normality assumption, and to validate ANCOVA results, Conover’s (1999)
recommended non-parametric procedure to be carried out.
ANCOVA carried out using the ranked dependent variable and covariate showed a
statistically significant difference between the IBL group and the TL group in favor of the IBL
group F (1,38) = 16.01, p <. 001, with a large effect size (η2 = .30) which paralleled the results
obtained from the ANCOVA carried out on the original scores.

Research Question 4
The fourth research question sought to examine students’ perception of the effectiveness
of the instructional pedagogy (IBL vs. TL). A link to a self-report anonymous survey was sent to
41 students in the two college algebra classes inviting them to participate. The survey was
available for students for two weeks. Thirty students participated in the survey, of whom 19
students were in the IBL group and 11 students were in the TL group.
What are the students’ perceptions of the effectiveness of the instructional pedagogy?

H0: There are no differences in student’s perception of the effectiveness of the
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instructional pedagogy (inquiry based learning vs. traditional learning).
Ha: There are differences in student’s perception of the effectiveness of the instructional
pedagogy (inquiry based learning vs. traditional learning).
A Likert scale was used to measure students’ perception of the effectiveness of the
instructional pedagogy. The Likert scale consisted of 7 items, with item responses ranging from
strongly disagree = 1 to strongly agree = 5. The reliability of the scale scores as assessed by
Cronbach’s alpha was .940, which is acceptable based on Cronbach’s (1988) suggested criterion
of .70 or higher as indicating an acceptable level of reliability. Table 33 summarizes the
descriptive data of the student’s perception of the effectiveness of the instructional pedagogy
composite score.
An independent t-test was used to determine whether there was a statistically significant
mean difference in students’ perception of the effectiveness of the instructional pedagogy
composite scores between the IBL group and the TL group. Prior to the analysis, the assumptions
of t-test were examined. As assessed by inspection of a boxplot, there were no outliers in the IBL
group, there was one outlier (Case ID 25) and one extreme outlier in the TL group (Case ID 22,
see Figure 31). Inspection of their values did not reveal that case 25 to be extreme and it was
kept in the analysis. Case ID 22 was changed to the next lowest score which is 22 (see Figure
32). A Shapiro-Wilk's test was conducted on the model residuals, and results indicated that the
residuals did not deviate significantly from normality (p = .09), with skewness (1.26) and
kurtosis (-1.17, see Figure 33). There was homogeneity of variances for as assessed by Levene’s
test for equality of variances (p = .21).
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Table 33
Descriptive Statistics for Student’s Perspective Composite Scores
Student’s Perspective
IBL Group
TL Group

n
19
11

Minimum Maximum
19
35
22
35

SD
5.58
3.95

Mean
27.47
27.18

Figure 31. A boxplot of student’s perception of the instructional pedagogy (composite score),
IBL = Inquiry-based Learning, and the TL group, TL = Traditional Learning.
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Figure 32. Perception of the instructional pedagogy (composite score) after changing the extreme
outlier, IBL = Inquiry-based Learning, and the TL group, TL = Traditional Learning.

Figure 33. Distribution of standardized residuals for group comparison of perception composite
Scores
At the sample level, the mean score of student’s perception composite scores was slightly
higher for the IBL group (M = 27.47, SD = 5.58) than the TL group (M = 27.18, SD = 3.95),
however there was no statistically significant difference, t (28) = .15, p = .88.

Summary
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The first question examined whether inquiry-based learning had an effect on student’s
overall critical thinking skills, ANCOVA Results revealed that the mean difference between the
IBL group and the TL group was not statistically significant, F(1,36) = 0.16, p = .69, η2 = .004.
The second question examined whether inquiry-based learning had an effect on student’s critical
thinking skills sub-scales (analysis, inference, evaluation, inductive reasoning, and deductive
reasoning). ANCOVA Results revealed that the mean difference between the IBL group and the
TL group in the analysis sub-scale was not statistically significant, F(1,36) = 1.60, p = .21, η2 =
.04. There was no statistical significant difference in the inference sub-scale F(1,36) = 0.63, p =
.43, η2 = .02. There was no statistical significant difference in the evaluation sub-scale F(1,36) =
.08, p = .78, η2 = .002. There was no statistical significant difference in the inductive reasoning
sub-scale F(1,36) = 0.13, p = .72, η2 = .004. There was no statistical significant difference in the
deductive reasoning sub-scale F (1,36) = 3.67, p = .06, η2 = .09. (see Table 34).
The third question examined whether inquiry-based learning had an effect on students’
math achievement in college algebra. ANCOVA Results revealed that the mean difference
between the IBL group and the TL group in the math achievement was statistically significant, F
(1,38) = 20.70, p < .001. The fourth research question examined students’ perception of the
effectiveness of the instructional pedagogy (IBL vs. TL). An independent t-test revealed that the
mean difference score of student’s perception composite scores was not statistically significant
t(28) = .15, p = .88.

103

Table 34

ANCOVA Showing Effects of Instructional Pedagogy on Post-test Overall Critical Thinking
Skills and the Five Sub-scales
Type III Sum
Source
of Squares
Overall Critical Thinking
1.11
Analysis
1.09
Inference
1.71
Evaluation
0.20
Inductive Reasoning
0.70
Deductive Reasoning
5.60

df
1
1
1
1
1
1

Mean
Square
1.11
1.09
1.71
0.20
0.70
5.60

F
0.16
1.60
0.64
0.08
0.13
3.67

P
.69
.210
.431
.78
.720
.063

Eta Squared
.004
.04
.02
.002
.004
.09

CHAPTER 5
FINDINGS AND DISCUSSION
The purpose of this chapter is to discuss the findings and recommendations based on this
current research. This chapter includes the following sections: the purpose of the study,
restatements of research questions, recommendations, limitations, and conclusion.

Purpose of the Study
The purpose of this study was to examine the effects of inquiry-based learning (IBL) as a
student-centered pedagogy that follows the constructivist principles on students’ overall critical
thinking skills, and the five critical thinking subscales: (a) analysis, (b) evaluation, (c) inference,
(d) deductive reasoning, and (e) inductive reasoning. Also, the study investigated the effect of
the IBL on students’ math achievement exam scores. Finally, the study explores the students’
perceptions towards the effectiveness of the instructional pedagogy.

Restatement of Research Questions
The research questions for this study were
1.   What effect does inquiry-based learning intervention have on the overall critical
thinking skills of students in a college algebra class?
2.   What effect does inquiry-based learning intervention have on the critical thinking
skills of analysis, deductive reasoning, evaluation, inductive reasoning, and

inference?
3.   What effect does inquiry-based learning intervention have on the math achievement
score of students in a college algebra class?
4.   What are the students’ perceptions of the effectiveness of the instructional pedagogy?

Findings
The current study was conducted to examine the effect of the IBL pedagogy on critical
thinking skills and its five sub-scales scores, academic achievement in college algebra, and
student’s perception of the instructional pedagogy in a mid-sized, urban university classified as a
predominantly Black Institution (PBI). Two sections of college algebra participated in the study,
a total of 41 students, of whom 23 students participated in the IBL class and 18 students
participated in the TL class. The following section will address the findings of the research
questions in the study.

Research Question 1
The first research question examined if there were differences on overall critical thinking
skills score by instructional pedagogy (inquiry-based learning vs. traditional learning) after
controlling for critical thinking skills pre-test (CCTST). First, the level of critical thinking skills
for both groups was assessed using the California Critical Thinking Skills Test (CCTST), the
instrument had 34 multiple items that measure the overall critical thinking skills and the five
subscales (analysis, inference, evaluation, inductive, and deductive reasoning). This questions
focused only on the overall critical thinking skills score. Analysis of covariance (ANCOVA) was
used to determine differences between the IBL group and the TL group while controlling for pre-
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test variations between groups. Data analysis revealed that there was not statistically significant
difference in mean critical thinking post-test scores between the IBL and the TL group when
controlling for pre-intervention critical thinking test.

Research Question 2
The second research question examined whether there was a statistically significant mean
difference in the critical thinking sub-scales (analysis, inference, evaluation, inductive reasoning,
deductive reasoning) scores between the IBL group and the TL group. Analysis of covariance
(ANCOVA) was used to determine differences between the IBL group and the TL group while
controlling for pre-test variations between groups. Data analysis revealed that there was not
statistically significant difference in mean critical thinking sub-scales post-test scores between
the IBL and the TL group when controlling for critical thinking sub-scales pre-tests.
The results of this current study are in line with Quitadamo et al. (2009) who conducted a
quasi-experiment pre-test and post-test using the same instrument CCTST to determine critical
thinking gains in the two groups, whereas, the current study investigated the effect of the IBL
instructional pedagogy on the post-test controlling for the pre-test. The study found that students’
critical thinking skills did not increase significantly among math students and the current study
found that the IBL pedagogy did not have significant effect on the student’s critical thinking
skills in the IBL group comparing to the TL group. Similar to Quitadamo et al. (2009) study,
Qing et al. (2010) conducted a study to measure student’s growth in the critical thinking skills
sub-scales. The study results were mixed, students’ scores in the “analysis” and “evaluation”
categories were higher after collaborative learning, but the scores were not high or differ
significantly in the “inference” category. Also, Magnussen et al. (2000) conducted a study on
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nursing students and used the Watson Glaser Critical Thinking Appraisal (WGCTA) found no
statistical significant growth in the student critical thinking skills, whereas, this current study

used different instrument (CCTST) on students enrolled in college algebra classes, results in both
studies were similar. The mean difference between the IBL group and the TL were not
significant. Some studies were contradictory to the current study, Gokhale (1995) used a
different instrument comparable to the CCTST to determine student’s growth between the pretest and the post-test revealed that there was a significant increase in the critical thinking
category between the IBL group and the TL groups.

Research Question 3
The Third research question examined if there are differences on academic achievement
score in college algebra by instructional pedagogy (inquiry- based learning vs. traditional
learning) after controlling for college algebra readiness test (pre-test). A college algebra
readiness pre-test was administered to both groups to determine the student’s initial level in
algebra, and math achievement post-test to measure student’s level after the intervention. An
analysis of covariance (ANCOVA) revealed that there was significant mean difference in math
academic achievement post-test between the IBL group and the TL group in favor of the IBL
group.
Based on the findings of this current study, it can be said that the IBL group mean
academic achievement score was significantly higher than the TL group. Students have benefited
from the IBL pedagogy, which was reflected by their better abilities in constructing knowledge,
explaining, reasoning, questioning, and communicating with their teacher and their peers. This
conclusion was supported by the student’s scores in the math achievement test. The results of
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this current study were in agreement with studies conducted previously with other researchers
(Abdi, 2014; Akpulluku et al., 2011; Fishman & Soloway, & Clay-Champers, 2008; Gordon,

Rogers, Comfort, Gavula, & McGee, 2001; Pandey et al., 2011; Summerlee & Murray, 2010).
Akpulluku et al. (2011) investigated the effect of inquiry-based learning versus the traditional
method on academic achievement in science. Results revealed a significant difference in science
achievement in favor of the IBL group. Similarly, Pandey et al. (2011) who investigated the
effectiveness of Inquiry Training Model (ITM) over conventional teaching method in teaching
physical science to secondary students. Results showed a statistically significant effect of ITM
over conventional teaching method on academic achievement. Also, the results of the current
study were similar to studies who were conducted to determine the growth in student’s
achievement comparing the pre-test and the post-test. Fishman et al. (2008) and Gordon et al.
(2001) conducted a quasi-experiment study and concluded that IBL increased the science
achievement among urban minority students. Also, Yildirm, Kurt, & Gunes (2014) who
examined the effect of IBL on science achievement and scientific process skills found a
significant difference regarding the science achievement and the scientific process skills in favor
of the IBL group. Similar results were obtained from an action study conducted by Witt (2010)
to identify the impact of using inquiry-based, or constructivist instruction in a middle school
mathematics classroom on student academic achievement. The study concluded that using
inquiry-based, or constructivist, is more effective in increasing student academic achievement.
Similarly, Celikten, Ipekcioglu, Ertepinar & Geban (2012) conducted a study to examine the
effect of IBL vs. traditional learning on fourth grade science students, one group was taught
using the inquiry- based learning pedagogy and another group was taught using the traditional
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method. Results showed that the IBL had significantly better achievement scores than the Tl
group.
Research Question 4
A self-report anonymous online survey using Qualtrics website was used to find out

students’ perspective of the effectiveness of the instructional pedagogy used in the classroom. An
independent t-test was used to determine whether there was a statistically significant mean
difference between students’ perception of the instructional pedagogy.
Discussion
This section will discuss the findings of this current study. Quantitative analyses
determined the effect of the instructional pedagogy on critical thinking skills scores including the
five subscales (analysis, inference, evaluation, inductive and deductive reasoning) and the effect
of the instructional pedagogy on math academic achievement, while qualitative data provided
insight into the students’ perception of the instructional pedagogy. The student’s quotes are
verbatim.
Based on the findings of this current study, it was concluded that the instructional
pedagogy was not a significant contributor to explaining the overall critical thinking skills in the
IBL or the TL group. Additionally, results of the five sub-scales of critical thinking as measured
by CCTST indicated no significant differences in student’s critical thinking skills.
Although, critical thinking skills of the IBL group did not differ significantly between the
IBL group and the TL group, it is premature to conclude that IBL cannot promote critical
thinking skills. The results of this current study seems to indicate that the IBL group viewed the
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experience as a positive experience. Students in the current study perceived IBL pedagogy as a

positive experience. Students believe that it improved their confidence in their ability to do math,
their knowledge in approaching a problem, their communication skills and their ability to ask
inquiry questions.
Furthermore, it was observed by the researcher that there are differences between the two
groups in terms of their commitment to attend every class, work with their groups, collaborate,
and ask questions. The IBL group enjoyed coming to class, and felt comfortable asking questions
and communicating with the instructor and with each other. Students demonstrated that they felt
they are part of their learning process, they felt smart and confident in their ability to solve
problems on their own. These observations make the researcher believe that if students were
given longer time to get used to the new pedagogy, there would be a positive significant effect.
Albanese (2000) believe that critical thinking is a complex concept that requires long time in
order to see effect. Ertmer and Simone (2009) suggested that IBL if used effectively could
prepare the students self-directed learning skills that allowed them to communicate their
solutions with depth and breadth. Similarly, Ketpichainarong et al. (2010) believe that the ability
to develop problem-solving skills is much higher in the IBL environment because the IBL
requires students’ collaboration, which leads to interaction between students that helps them to
solve problems independently. Similarly, Barron & Hammond (2008) stated that IBL
environment with well defined goals, directed activities, and productive discussions over
conflicting issues among students will encourage students to evaluate their own work against
what is expected and encourage them to promote their own progress.
The researcher expected that the IBL pedagogy would have an effect on students’
academic achievement. She observed how engaged the students were, and how committed they
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were to coming to class every time and on time. Students communicated to the researcher that

being a non-traditional student with multiple responsibilities, is not always easy to do, but they
put much more effort to come to class because they felt they are learning, and they actually
looked forward to the discussions with their peers. The researcher observed that the IBL students
felt they are part of their learning process, they enjoyed working together, discussing their
answers, explaining, and justifying to each other their approach in solving problems. One student
wrote “Being able to work individually and then as a group. I liked this because I got to use my
own thinking process and then gain other knowledge/understanding from my peers.” Another
student indicated, “how the instructor had the students work out the problem and then compared
answers with the other students. it let me see was I doing the work correct.” A third student
commented, “I enjoy the group discussion part of class because we got to compare notes and
different procedures on solving a problem.” They liked that they were given the opportunity to
solve problems guided by their instructor, they appreciated the trust the instructor had in their
abilities, which boosted their confidence and motivated them to work harder. A student wrote
“The way she asked us about the problem. I like this the most because she didn't give us the
answer she keep giving us hints on what we can do next to get to the answer.” Another student
stated,
The aspects of the class I liked the most are: My professor first letting us try to solve the
problem ourselves, then working with our peers, and lastly, my professor going over the
problem as a class. I like this method of teaching because it makes me understand more,
and makes the work less complicated for those who are not great at Algebra.

Implications
Inquiry is no longer just the language of science and mathematics. It now contributes in

direct and fundamental ways to business, finance, health, and defense. For students, it opens
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doors to careers. For citizens, it enables informed decisions. For nations, it provides knowledge
to compete in a technological economy. (National Research Council, 2007).
This current study contributes to the body of knowledge with findings that motivate
instructors to try pedagogies that encourage students to be active participants in the classroom,
give students a chance to be responsible for their learning process. It adds to the knowledge of
teachers in all subjects, especially math teachers who struggle every day to get their students
engaged and take control of their learning. This current study addressed the impact of IBL on
students’ critical thinking skills, achievement, and provided teachers with a description of IBL
pedagogy and when and how this intervention was used to achieve the goal of inquiry-based
learning; that is create learners that are capable of critical thinking and problem solving.
It requires more than the teacher working alone to implement the inquiry-based learning
environment successfully. All stakeholders should be on board and support the use of IBL.
Teachers should be given the opportunity to get the appropriate training in order to learn how to
implement IBL successfully. All stakeholders should know that the 21st century requires
different skills than the 20th century. Focusing on rote memorization and on standardized tests
does not provide students with the skills needed. Schools should shift from focusing on skills that
can be easily automated and focus on skills that technology cannot replace, which are critical
thinking skills. Those skills will open a door for students in the workforce and in the global
market. It is everyone’s responsibility to make students aware of the importance of these skills,
not only for themselves but also for their community and their country. Without these skills, the
country will seek to employ workers from different countries to fill these jobs, which in turn
increases the unemployment rate and threaten the stability of the country’s economy (U.S.
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Bureau of Labor Statistics, 2011).
Teachers should be aware of their new responsibilities when adopting the IBL

environment. They should change their plans from how much material they can cover to how
they can demonstrate to students the relevancy of what they are learning, and how they can apply
in different situations. Teachers should understand their new role in the IBL environment. They
are not standing in front of the classroom transmitting information any more. They are
facilitators that create an environment where everybody can be active and motivated to learn.
Teachers should focus on the learners, guide them how to learn, help them to be able to selfdirect, and take responsibility for their learning. When teachers achieve that, then students will
be prepared and have better chance graduating, joining the workforce and becoming effective
members of the society (Blumberg & Pontiggia, 2011).
Another implication of this current study is the potential impact of the IBL pedagogy on
retention of students. Retaining students in these introductory, ‘gatekeeper’ courses in necessary
and has a potential of increasing the graduate rate. Even though retention was not the major
focus in this current study, there was an overall retention rate of 92% for the IBL versus 32% for
the TL.

Recommendations
Additional studies are recommended to further evaluate the relationship between IBL
pedagogy and critical thinking skills. In addition to that, there is a significant amount of reading
required in the CCTST instrument, and maybe the reading level of students is a factor in how
they perform in the test and make it less accurate in measuring their critical thinking skills. The
researcher recommends that the students’ reading level should be taken into account when using
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instruments like CCTST, specifically, there is a time limit on the test, and student’s reading level
may vary. Also, the researcher recommends using other ways to assess critical thinking skills in
addition to instruments like CCTST. The researcher believes that multiple choice items alone
may not reflect change in critical thinking skills, maybe open ended questions or assessing
student’s discussions and presentation provide better idea whether a student centered pedagogy
like the IBL has an effect on critical thinking skills. Also, the assessments should be part of
student’s grade, so they can put sufficient cognitive effort in answering the questions.

Limitations
There are two aspects of this current study that may limit its effectiveness. First, the
sample size in the current study maybe too small to achieve the desired statistical power. The
sample size of 41 was used for the statistical power analyses. The analysis revealed a statistical
power of .54 for a small effect (f=0.1), 0.71 for medium effect (f=.25), and .85 for large effect
(f=0.40). It is possible that a real effect was missed due to the small sample size. The maximum
sample size for the current study was limited to the number of seats in the classroom during the
Spring 2016 semester (N = 41). Second, the assignment of students to the two sections of college
algebra were not be random. Students chose the section that fits their schedule. Even though
random assignment of students to groups was not possible, treatments were randomly assigned to
groups prior to the first day of school by the researcher. In addition, factors such as subject
mortality (18% of the students in both sections withdrew from the course) which lowered the
response rate to the CCTST instrument (N = 39), the math achievement (N =41), and the online
survey (N = 30). The sample size may not have been large enough to detect a relationship
between the variables. Another issue influences the results of the study is the duration of the
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treatment. Perhaps if the study had been longer, the results may have been different. It takes time
to adjust to IBL, 12 weeks may not have been enough to detect any changes. Longer treatment
maybe is required to detect effects. The CCTST is intended to be challenging and the time is
limited to 50 minutes. The researcher has no way of knowing whether the students provided
sufficient cognitive effort to submit a true test of their critical thinking skills. It is possible that
students did not use the time effectively, or did not take the test seriously since it was not part of
their grade for the course.

Conclusion
The findings of the current study were mixed, it was determined that there was no
significant difference between the group in which the IBL pedagogy was used and the
comparison group to which traditional learning pedagogy was used in regard to critical thinking
skills and the five sub-scales (analysis, inference, evaluation, inductive reasoning, deductive
reasoning). However, it was determined that the mean academic achievement score for the IBL
group was significantly higher than the TL group.
Based on the researcher observation and the conclusions of the other researchers, the
researcher of this current study believes that instructional pedagogies that are based on
constructivists’ principles should be integrated into the curriculum and should be implemented
into the classroom. Instructors should encourage students to be active participants in their
learning process, they should take into account students’ individual levels, experiences and
interests. The researcher has been teaching for 21 years at the same institution and was able to
experience first-hand the change in student’s confidence in their ability to do math.
Implementing the constructivist principles in the classroom resulted in noticeable change in the
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whole learning environment and the way students think and behave towards the class. They were
not bored listening to the instructor lecturing for almost two hours, instead, they spent the time
solving problems, and collaborating with their peers knowing that the instructor is there to guide
them and help them find their strengths and their weaknesses.
IBL facilitated students’ learning and helped them take ownership of their learning and
motivated them to work harder, helped them develop more independent and sophisticated ways
of research capability and confidence (Abdi, 2014; Akpulluku et al., 2011; Fishman & Soloway,
& Clay-Champers, 2008; Gordon, Rogers, Comfort, Gavula, & McGee, 2001; Pandey et al.,
2011; Summerlee & Murray, 2010). Therefore, learning by using the IBL pedagogy is more
exciting, meaningful and increases students’ level of academic achievement. On the other hand,
in the traditional learning environment, students are passive recipients of the knowledge that is
dispensed by the instructor, students rely on memorizing knowledge that they learned through
rote manipulation, which can be quickly forgotten.
In order to provide students with scaffolds to help them reach their potential, it is
important to recognize diversity among them, know each student as an individual, understand
their background and their thought process, make them feel safe, respected, and valued so they
can participate in the process without fearing being judged by their teacher or their peers. In
order to ensure that students are learning, instructors should design questions that will
cognitively engage students, enable them to tab into their prior knowledge, and find the
relevancy between their prior knowledge and the new knowledge they gained.
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Exempt Determination
08-Sep-2015
Elaina Khasawneh
Educational Technology, Research, and Assessment
RE: Protocol # HS15-0250 "The effect of inquiry-based learning on students critical thinking
skills and achievement in a college algebra class in a four year institution”
Dear Elaina Khasawneh,
Your application for institutional review of research involving human subjects was reviewed by
Institutional Review Board #2 on 04-Sep-2015 and it was determined that it meets the criteria for
exemption, as defined by the U. S. Department of Health and Human Services Regulations for
the Protection of Human Subjects, 45 CFR 46.101(b), 1
Although this research is exempt, you have responsibilities for the ethical conduct of the research
and must comply with the following:
Amendments: You are responsible for reporting any amendments or changes to your research
protocol that may affect the determination of exemption and/or the specific category. This may
result in your research no longer being eligible for the exemption that has been granted.
Record Keeping: You are responsible for maintaining a copy of all research related records in a
secure location, in the event future verification is necessary. At a minimum these documents
include: the research protocol, all questionnaires, survey instruments, interview questions and/or
data collection instruments associated with this research protocol, recruiting or advertising
materials, any consent forms or information sheets given to participants, all correspondence to or
from the IRB, and any other pertinent documents.
Please include the protocol number (HS15-0250) on any documents or correspondence sent to
the IRB about this study.
If you have questions or need additional information, please contact the Office of Research
Compliance and Integrity at 815-753-8588.
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RE: Protocol # HS15-0250 "The effect of inquiry-based learning on students critical thinking
skills and achievement in a college algebra class in a four year institution”
Dear Elaina Khasawneh,
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was reviewed on 17-Mar-2016 and it was determined that the modifications you propose do not
change the exempt categorization of the project.
Although this research is exempt, you have responsibilities for the ethical conduct of the research
and must comply with the following:
Amendments: You are responsible for reporting any amendments or changes to your research
protocol that may affect the determination of exemption and/or the specific category. This may
result in your research no longer being eligible for the exemption that has been granted.
Record Keeping: You are responsible for maintaining a copy of all research related records in a
secure location, in the event future verification is necessary. At a minimum these documents
include: the research protocol, all questionnaires, survey instruments, interview questions and/or
data collection instruments associated with this research protocol, recruiting or advertising
materials, any consent forms or information sheets given to participants, all correspondence to or
from the IRB, and any other pertinent documents.
Please include the protocol number (HS15-0250) on any documents or correspondence sent to
the IRB about this study.
If you have questions or need additional information, please contact the Office of Research
Compliance and Integrity at 815-753-8588.
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Hello, my name is Elaina Khasawneh. I have been teaching at Chicago State University in the
math and computer science department for the last 21 years. I have taught different classes in the
department including college algebra class. Teaching college algebra for so many years made me
realize the difficulties students have with this course, and the frustrations students feel when they
have no choice but to drop out of college because they cannot pass the course that is required for
graduation no matter how many time they repeat it. College algebra class was meant to be a
“gateway course” that gives students a chance to improve deficient skills in math and move on to
their core classes and graduate; instead college algebra became a “gatekeeper” that prevented
students from achieving their dream of graduating from college. Recognizing that there is a
problem, the math and computer science department encouraged faculty members to explore the
issue by attending conferences and workshops in order to find a solution to the problem and help
students achieve their goals. Supported by the math department and the university, I took the
issue seriously and started looking into ways to solve the problem. Through research, , I found
out that this is a national problem that we are facing, and it is not restricted to certain areas or
certain type of students. Students hold some responsibility but not all of it. I realized that the
majority of college algebra classes are still taught in a traditional way that does not involve
students and make them part of their learning process. I learned that if we change the
instructional strategy and the way we teach the class, students’ chances of completing the course
would be much higher. One instructional strategy that stood out is inquiry-based learning (IBL).
IBL is a pedagogy that involves students in the learning process and encourages them to ask
questions, participate and collaborate with their peers. Not only that, IBL will help students
develop critical thinking and problem solving skills that is needed in the 21st century in order to
be able to succeed in the workplace. In the IBL environment students will not be note takers who
cannot relate to what is presented to them by their teacher. They will be active participants
guided by their teacher to reach a conclusion. IBL was used in many other disciplines including
math and proven to be successful and make a difference. There are so many positive things about
IBL that motivated me to try it in my class and conduct a research study that tests the effect of it
on student’s critical thinking skills and performance in the college algebra class. I am inviting
you to participate because you are a student in college algebra class.
Participation in this research does not require you to do any additional work. All exams and short
questioners are part of the course requirements and will be done in class during class time period.
Participation in the study means you are allowing me to use your data in the study. Students who
choses not to participate in the study are still required to do the same tasks as the students who
choses to participate; the only difference is that their data will not be included in the study.
Please understand that while your participation will add a great benefit to researchers, policy
makers and faculty members, it is completely voluntarily and you can withdraw any time. Your
data will not identify you by name; you will be assigned a number instead so you stay
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anonymous. No one will have access to the data except me, the data will be stored in my
personal computer which is protected by a password and no one else has access to it, I will also
have a back up copy of the data in a flash drive that is also protected by a password.

Your participation will add a great benefit to faculty members and policy makers who are
looking for instructional method to help students do better in college algebra. You will help
changing college algebra from being a gatekeeper that stands in the way of students graduation
to a gateway that help them to achieve their goals. The research has the potential to save students
and the state a lot of money and allow them to graduate sooner instead of having to repeat the
course several times without any positive results. The study will help me to find out if students
can succeed simply if we pay attention to the way we deliver the material to them, involve them
in their learning process and providing them with the support they need. If you have any question
at any time, please do not hesitate to contact me via email Ekhasawn@csu.edu.

Thank you and wish you a great productive semester.

Sincerely,

Elaina Khasawneh
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I agree to participate in the research project titled “Examining the effect of inquiry based
learning on students’ critical thinking skills and performance in college algebra” being conducted
by Elaina Khasawneh a graduate student at Northern Illinois University. I have been informed
that the purpose of the study is to find the effect of inquiry-based learning instructional method
on the critical thinking skills and on the performance of students in the college algebra class.
I understand that if I agree to participate in this study, I will be authorizing the researcher to
include my data in the study. As part of the course requirements, I will be asked to provide my
exam scores and complete a test assessing critical thinking skills and submit it for anonymous
data analysis. I will also be asked to complete a short demographic data survey and submit it for
anonymous data analysis.

I am aware that my participation is voluntary and may be withdrawn at any time without penalty
or prejudice, and that if I have any additional questions concerning this study, I may contact
Elaina Khasawneh via email Ekhasawn@csu.edu and you can email Dr. Hayley Mayall via email
hmayall@niu.edu. I understand that if I wish further information regarding my rights as a
research subject, I may contact the Office of Research Compliance at Northern Illinois
University at (815) 753-8588. I understand that I may also contact the Dr. Janene Marshall, IRB
Chair at Chicago State University (CSU) at (773) 995-5078.
I have been informed that there are no known risks of this study. I understand that all information
gathered during this experiment will be kept anonymous. I understand that the researcher will
exercise care in preserving the privacy of my records to the maximum extent allowable by law. I
also understand that although it is possible that my responses can identify me from the
demographic information provided, the survey data will be stored on a hard drive that will only
be available to the researcher. All data will be reported in aggregated form so that no individual
participants can be identified.
I realize that Northern Illinois University policy does not provide for compensation for, nor does
the University carry insurance to cover injury or illness incurred as a result of participation in
University sponsored research projects.
I understand that my consent to participate in this project does not constitute a waiver of any
legal rights or redress I might have as a result of my participation, and I acknowledge that I have
received a copy of this consent form.

__________________________________________________________________
Signature of Subject Date
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Student Survey
Number:
Please read each question carefully and select the answer that applies to you.
1.   Gender
a.   Male
b.   Female
2.   Age
a.   17 or younger
b.   18-20
c.   21-29
d.   30-39
e.   40-49
f.   50-59
g.   60 or older
3.   Employment
a.   Full time
b.   Part time
c.   Not employed
4.   Student enrollment status
a.   Full time student
b.   Part time student
c.   At large student
5.   College year
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a.   Freshman
b.   Sophomore
c.   Junior
d.   Senior

6. Your current GPA

a)  

3.5 or higher

b)  

At least 3.0 but less than 3.5

c)  

At least 2.5 but less than 3.0

d)  

At least 2.0 but less than 2.5

e)  

Less than 2.0
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Impact of Inquiry- based learning
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